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T~his report describes the study of a unique display device and technology called
Deforeogrephics to determine its practical value for the presentation of large,
quantittes (e.g.. 30,000 characters) of air traffic control data. The report
ccvros the engineering, development. human factors. and test and evaluation
phases and provides the technical performance data and applications concepts.
Deforinographics is a technology that produces a high-resolution, projection,
storage, digitally controlled, random acce&ss, up to I-meter diagonal. low power
consumption, monochromatic or multicolor slphanumegi~z.'traphic display. The
project determined the viability of the technology. ostat:!ishod the basis for
further operational concept studies, and assessed the reproducibility of devices
sand performance based on the technology. T'he conclusions indicate a wide use
of the technology for Federal Aviation Administration air traffic control
data MOd infonation presentation, as well as other similar applications, and
indicate a significant superiority of Performance over other conventional and

emorging display technologieg.
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PREFACE

This technical report describes activities performed to determine the
feasibility of applying a unique technology -for the presentation of large
quantities of information to the viewers. The efforts wore part of a larger
program o assure the availability of feasible and reproducible displays for
the accomplishment of the Federal Aviation Adminiatration's mission of air
traffic coutrol.

The autho'r recolniaes the technical contributions of Mr. F. Baldwin,
Mr. W. Dun%, Mr. 9. Alaner, Mr. t. Luca@, and Hr. J. Ertel at the National
Aviation Facilities Experimental Center, Atlantic City, New Jersey, and
mbers of the technical staff of the Federal Systems Division, Electronics
Systems Center, IBM Corp., Owego. New York.
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PURPOSE

This report describes the development of a unique display device (see
figure 1) for the presentation of large qumetitlee of Information to tbe
viewer. The report covers the engineering and development Phase, the
operat ion&aI/hummn factors phase, and the test and evaluation phase, and
provides the' technical performaince data and applications, concepts.

BACKGROUND

The Federal Aviation Administration (TAM) is &ae largest user of graphics and
tabular displays in the world, most o! which are cathode-ray tube (CRT)
displays of real-tim, dynamic. air truffic geographic position and* flight
planning information. Sowe 5,000 of these displays, located in.e'n route air
route traffic control centers (ARICC's), terminal radar control facilities.
airport tinor cobs. airport instrument flight rules CIFI) roo, flight
service stations (1SS's), and other special service facilities. are, the
electronic machine-to-human l ink for the- flow of massive, amounts of air
traffic related information which must be interpreted, monitored. and- acted
upon by the appropriate specialists.

The nonelectric link which supports, or is supported by, the display is the*
flight strip--a strip of paper which, depending on the type of facility, can
be a flight 'progress strip, or an arrival or departure. strip, which contains
typewritten and handwritten information on the subject aircraft and flight..
The physical movement and the handwritten updating of these strips comprise
the basic long-toer mechanism for keeping track of the effectiveness of the
voice commands and the accuracy of the planned flight schedule.

The use of paper flight str ipe has resulted in te. evolution of procedures,
techniques, resource cinmitmente, and logistic problems that have not
permitted the full utilization of'trained personnel. have resulted in system
per formance l imitat ions, and hae" impeded thme application of o;ýher human-
machine technology improvements in the operating -facilities.

A joint goveramot/HMER Corp. team, charged uith the development of more
efficient controller sector configat tions, Mei Indiceaed In Me MA report
(reference 1) that:

"A major improvementat in the product ivity and efficiency of the, asroute sector.
may be attained if the "V" (Daet) controller cam be. froe" of the manual
handling of paper strips. If this is done, his console can be-roedeigned to
permit hi.. to assist the 'R" (Radar) controller t~o a greater extent.
Achieving this greater support of the "Or controller would reduce the need
for a "third mes," vrarioualy called a tracker or handoff assistant, squessod

*between the "I" and "0" controllers. "pac is too tight for comf.>rtable
operations with three persons in the 6 feet provided by the two 3-foot
consoles. Also, it will be noted that two controller* assisting the "V"

T.



controller get considerably less than twice as much productive work
accomplished as would one assistant because of the added coordins..on. If we
were dealing with a simple production task in which each person could work
independently, the more peoole, the more work would be accomplished. A
sector does not function that way, however. Here we have the R controller on
the radio-frequency passing control decisions to the pilot'. The more persons
who have to process thai some infoguation or related information, the more
the processing workload. Hence, the leverage for improving sector functions
seems to exist in the potential work-saving in handling flight progress
strips. If an automatic display can be introduced, this manual labor can be
reduced, while a more Ilgible reading surface is provided. This is the baucic

reason for priority study of an electronic tabular display as- replacenert
for the traditional arrangement of flight data.."

Comparableobservations were made of the Terminal Radar Approach Control
(TRACOt), tover cab, and FSS operations. Although these controller position
configurations differ somwhiat from on route. paper flight- progress otrips

are the primary mode for displaying flight plan and control data. and the

preparation and updating of these strips constitutes a significant controller
workload.

The operating services of the FAA recognized that the replacement of these
paper flight progress strips, associated strip-printing devices, and related
procedures for use of the data in that form was a necessary evolution of the
automated air traffic control systemw.

OPERATIONAL MEQVIRENVSS.

In early 1973, under the auspices-of the Office of Ingineering and Develop-
ment Subprogram 161-IlL, the Deta Entry end Display Technology Group
formulated an Engineering Requirement (E) for an electronic tabular display
following an extensive survey of state-of-the-art developments and future
research technologies in the display field.

This ER was predicated upon (0. operational needs as could be extrapolate4
frca agency documentation relating to future Air Traffic Control (ATC)
systems designs snd (2) requirements as postulated by the Technology Gromip
and subsequently confirmed by operating services and Systems Research and
Development Service (SiAS) program personnel.

The combined items comprised a set -of Operational Requirements whLch were
used to direct the attention, planmins, camparioons. and evaluation by the
Technology Group of display techniques and technologies believed to have.
potential, as follows:

Item 1: The minimum usable diselay area mest be that .resently.available' on
j at, enrouto NnuaT,,loiting Costloie (22- highl a 32 wile) with a-i~in a

character size of' 1/6 inch.
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Considerations: Information to be electronically displayed--flight plan data,
planning znd control inetructions, meteorological and pilot informutioli-
would not significantly change in content, format, or quantity from that
presently displayed through us'e of flight progress strips, the Computer
Readout Device. or other ancillary display devices. An additional hypothesis
influencing the definition of display size was that. future ATC concepts which
entailed computer-generated advisories (flow control, conflict detection,
data link pilot instructions, etc.) would produce additiot.dl information for
the controllers' purview. Therefore. the space presently allocated for
flight plan and control data would, in the future, probably be increased
rather than decreased.

Item 2: The display should be capable of coping wit•.amjor system failures:

Considerations: In event of flight data processor failure, the last
displayed information must remain on the display for at least 30 minutes. In
event qf radar plan view display (PVD) failure, the electronic iabular
display should have the capability of functioning as a standby FVD in
addition to displaying sufficient flight plan and co.!trol data to maintain
traffic control integrity.

Item 3: The display should provide a glare-free presentation in a wide range
oT sebtent light.levels ann conditions.

Considerations: Ambient light levels in field facilities range from I foot-
candle (fc) or less in en route centers to more than 6.000 fe (eirect
sunlight) in tower cabs. Although the manr -thrust of the effor described

herein is the dever!,.ment of an en route ilectrontc tabular display, it would
be of economic benefit to the agency if the technique were applicable to
other traffic control functions.

Item @ : The displav should have the capability of providing at least two
distinguishable color shades, a character blink mode, and varying character
intensitv.

Considerations: Previous experiments with the application of color to ATC
(reference 2) indicate a 'significant controller preference for data color
coding; however, an economic benefit versus cost' could not be es ablished
when considering the cost of the color generation technique (penetron C'.)
employed (reference 2). Therefore, a tabular display candidate, which can

provide "free" color would be of considerable operational benefit to the
agency. The character blink and varying intensity is required as an
"attention" function to permit more rapid controller identification of
modified or time-critical data.

Item 5: The display should be capable of interfacing with the En Route Model
M-2Tastem with a minimu of change to either the hardware or software

subsystems of the en route system.

, 3



Considerations: The electronic tabular display replace* the sector strip

printer and the computer readout device. When receiving initial or modifiei
flight plan data, the display should function as a flight strip printer
without levying additional refresh requirements upon the Central Computer
Complex (CCc) or Computer Display Channel (CDC).

PROJECT DESCRIPTIOP

The project efforts included the following activities:

|. ER Preparation
2. Technology Survey
3. Contract monitoring, development re jew, and approval
4. Acceptance testing and acceptance
S. Performance evaluation, technical
6. Postcontrect develoat ad modificacion; test and evaluation
7. Operational testing and evaluation
8. Implementation plan and proposals.

ENCINEERINC REC•IREMENT PREPARATION.

Engineering requirements yere assembled and roganised into an ER in early
1973. This ER, No. ZA3323 (appendix A). forr&d the basis for the Technology
Survey scope and ultimately for the specification used for procurement.

TECHNOLOGY SURVEY.

As a resilt of evaluation and analysis undertaken in the Technology Survey in

1973/74. a Technology Note (appendix 3') was formally published in March 1975.
Based on early drafts Of.the survey, tht major efforts and rvsourceos'w.e
di.ected towards the most promssing technological approach. projection
display from a stored tmage.

CONTRACT -F VELOP) NT.

t A contract, DOT-FA-74-NA*ll03, June 24, 197, wes awarded to International
Sustness Machines (ISM). Inc., Owego, New York. The actual s atement of vort
ts accepted is fojnd in appendix C. Is brief. the contract cilled for a
9-onth program to design a storage projection display system based on an IBM

"Deformographic" storage tube, to package such a system into i government
furnished N-I (flight strip posting) console, to develop as isterface to
permit the display to be driven from a Digital Equipment Corp PDW-41

Scomputer, and to provide test programs and test equipment to support the
system. In certain categories of performance related to disp sy poramters,
improvements over initial indicated performance levels mere r quired. Such
improvements vere to be achieved under close supervision and -ionitorina by

FAA engineers to insure that th.,y wete repeatable and measure ble.

6'
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The technical performance claimed for the Deforuographic Storage Display Tube
(DSDO) as of the letter part of 1973 resulted from measurements made at IRM,
Federal Systems Division, Owego, New York under an Office of Naval Research
contract go. N00014-71-0270, NR 213-103. The report of this contract Which
provides extensive graphs and performance details. som of which were
verified by the FAA. "described the investignLjon into the feasibility of
using the DSDT at it reel time annotation device for an airborne moving map
projectica system.... The rosults of the investigation wore favorable.
Anno:ation from tae DSDT was visible againLst a backgrou•d consisting of a
4,3(w,-footlamA,ert (fL. mas brightness P.%. the reflected screen brightness
from a 1O,00)-fc ambient light. Vi:e of the DSDT could extend the use of the
map projection surface for other ircraft 'display functions, thus cr•ating a
favorable cast -.ffectiveeass trveoff for the additional equipment."
(Abstract of subject report)

The major at&es of interest sn performance improveteav re:(a) line width
(resolutios), '%b) Nrightnesa uniformity. (c) display siae/packaging.

Resolution was offered in terso of 11-.8 to 13.5 line pairs per mi!limeter
(Ip/em) on the stragTe tube target. This was satisfa:tory provided that it
cozld yield 2.5 millimeter-high characters on a l.0--arter-diimter display
(300-35O lp/inch. I/8-inch characters on a 39-inch-diameter display).

Brightness uniforsity approaching acceptable center-to-edge variations found
tn other ATC displays weIs the goal. This ranged from 25 to 75 percent.

The initial projectioe ef:orts were directed to either small displays. 5 to 6
Lnches in dimineter, or very l.rge ones. 48 to 96 inches. The contract
efforts would seek a display diameter range of 24 :o 40 inches. Figure I is
a oiotographl of the delivered Deforuographtc Storage Display (DSD) in
Operation with flight strip imforustton dIspLr,1 . .

SYST" DISCIIPTIOU

For purpoo.s of completeness. the following sectios of this report deacribee
the tube itself. as well as the optical eystoo it is couiple,4 with. An
understanding of, the two basic elements of the dis play, namly a nearly-
conveItional CRT and4 Ia O-year old design for em* opticat system, is
essential to assessing the velie of the technology.

The DSDT is a CUT in which the phosphor sr face has beeoo ieplaced by a
fle tble reflective msebrane. A conventional CIT uses a 1Aoevhot coatingl oe
its faceplate to coeiort electron beom energy into light. In the D6VT, the
electron beom controle t defoerable mirror so that light, from an eutersal

opurce is selectively reflected to am otherwise dark viewing ocree.

In meet other re0*ects the DSDT operates like an ordinary CIT. It use0s a
off-theo-helf electron gn, a c0€onvetional deflection coil, and operates with



the sam type of deflection and video inputs as a conventional CRT. The DSDT

electronics are derived from standard Jisplay circuit modules.

LIGHT VALVE.

Because of the difficulties of generating sufficient light from a phosphor to
illuminate a large viewing screen, many larfe-screen display con'cepts are
based on the use of a light source external to the CRT. This type of CRT

controls the light reaching the display surface, but does not generate any

light itself-hence the term "light valve."

The DSDO the unit now for the opto-electric system that contains as its

"heart" the DSDT, is a light valve display. In comparison to other group

displays, it is the only display of its typo that requires none of the

following elements: a vacuum pump; oil films; rotating disks-• wthin the CRT
envelope; voltages of 265-49 kilovolts (kV) or more; photosensitive materials;
a complex energy conversion mechanism esternal to the CRT; temperature

contrel ovens; materials or components that must be changed every fey days.

or even hours of use.

The only active element in a D3. system is the reflective membrane inside the
CRT. Thor* are several characteristics of this elastic mirror that need to

be emphasiaed (see figure 2).

a. The mirror consists of three simple layers. Starting from the side
facing the electron gun. there is an insulatirng substrate about 0.0005-inch

thick, then an elastic layer which is about 0.0001-inch thick, and finally, a
conductive reflecting surface thst is onlyabciut a millionth of'an inch in
thickness. No fluids or photocoitductore are involved.

b. The deformations of the flexible mirror surface ore, extremely
minute; a few millionths of on inch deep. Since this is only about a
thousandth of the width of the depression, it puts no appreciable stress on

the metal layer. 'The mirror surface has been tested through millions of

vrite/erase ;yclee with no sign of metal fatigue.

C. -Since tie mirror is saled inside the CRT, it is permanently

protected froe the effects of duet, moisture, handling, etc.

d. The NSOT is not sensitive to the temperature, shock, and vibration
levels specified in .tL--54•O and NIL-E-164OQ. No infrared or ultraviolet
energy is used in the operation ,of the DSD. nor does it, emit any ,harmful

radiation.

o. The D6DT light valve is highly efficient. All the illuminatlon

required to view the 22- by 32-ioch display under sorml roam lighting cm be

obtained from a sinls le I-Watt seon lamp.

_ J . .
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STUIWE.

The DSDT has inherent storage because the back of its mirror is an insulator
that 4tores any charge deposited on it by the electron gun. Image* can and
have been scored for days without refresh--even without power, yet writing
takes place at normwl CIT speeds and erasure occurs in milliseconds.

The pheeooena involved in wtiting and erasure are best understood by
refer in& to the secondary emission curve of tho substrate material
(tigure 3). What thits cueve indicates is that the average namber of

electrats that leave the surface (secondary emission) for every electron that
strikes the surface (primary electron@) is a function of the CRT accelerating
voIt age.

ERASE

< z 2

F a--f ea--_-- a -in 0l
U P I

O .I I " I ' i " I I... I " I I I

0 2 4 6 8 1.0

ENERGY OF PRIMARY (kV)

* FIGtIU 3. SLCONDAIY EMISSION CUIVE Ol TANCAT

For voltages greater than about . kV, the DSDT'electfon beam builds up a
charge on the back of the mirror because there are fewer secondary electron*
leaving than'the primary electron* arriving. These charged areas cause the
leformations in the mirroro$ surface which create the liiht-valve action.
The OSVT is normally operated at an anode voltage of about 10 UV. Th•s is 4
practical minim for any higlt-revolutiou CRT because of the physics involved
in obtaining precise deflection end focus control over the electron beam.

At voltages around l.5to 2 kV, each primary electron tends to knock multiple
secmondry electrons off the surface ao long as there is any encase charge
remaining at the point of incidence of the electronbeam. This allows
various nodes of erasure. The DSOTes evaluated included a flood erase Sun
designed to cover the entire target (i.e.. mirror) with electrons at an erase

S



potential of about 2 kV. At full current. a flood gue cam totally erase the
entire screen in milliseconds..

At lower erase currents. the persistence of the image can be controlled over
a wide range. In this case,. erasure. takes the form of & continuous fading of.
any data written on the tube--much like a long-persistence phosphor. Atry
decay period, from a fraction of a second to many minutes. can be selected by
controlling the amoun~t of erase, current.

In applications whore time between data updates is ;.ypicaLly several seconds
or longer. 4isplayed information need only be written once each timr any
inf..rmat ion is -updated.. It will automat ically be retained- without ref rash.
until erased and rewritten upon the next update of the ipput data. There is
no perceptible decay in either brightness or focus. 'over a period of several
minutes. Furthermore, no power io requir'Zd to retain the, image.

This mean's that the displayed image will survive losses of either input d ata
or power without degradation. The only power -required to view the image once
it has been written. is the power vequired by the light source. It also means
that the displayed -image is very constant and- steady. There' is no flicker.
jitter. strobing ir other annoyi.ng instability in the displayed data.

In addition te storage, instant erasure. and cootrolled persistence, there is
another important erase feature of the DSDT. selective, erase. By biasing the
"min electron gun. norma~ll used for writing data, to the 2-kV erase
potential, a steerable, focused erase beam becames available. This erase
boas can be focused. into a spot s'ise considerably smaller than a character
and car be directed to any point on the screen in the sae manner as the
writ ing beam. This makes i 't possible to erase a single, arewa or block of data
without .iffcting any other data stored on the screen. Selective erase, is
most advantageous in tabular formats whore the data are'systremtically
arranged in words and/or nonover lapping block* of data.

DISPLAY SCP.EEJ. SIZE AND OPTICS.

The DSD is a projection display. The 'sise of the display area is a function
* only of the focal length of the, projection loee and, the diotance, to the

viewing screen, both of which are adjustable. The* images, generated from a
* DSDT for various applications have ranged fromi 5 inches to '10 feet diagonal.

The only performance paramters that vary with acreess &siz are brightness.
contrast, and optical line width.*

A' I150-wat t anoton lamup prov ides su Iffic ient display bir ghitmeas for a 5-foot
rear-project ion screen to be. viewed with ease under normal conference room
ambitent l ight ing. The project ion distance required is approioaimtely 1.6
times the diameter of the display &#a.e *This optical path can be folded
t hrough the use of one or more mirrors to aigmaficantly reduce the space
required behind a rear-projection scrosn.



A very simple schlieren optical system is rised to convert DSDT mirror
deformations into a visible image on the screen. Referring to figure 2, the
major elements of the optical system are:

1. An initial condensing lens and input aperture.
2. The schlieren lens.
3. The two-piece projection lens-vith an opaque metal stop at its

center.

Light froam the mmum IMp t trlmmd into a well defined point source b) the
small condenser and the input aperture. This point is then imaged on the
opaque schlieren stop by the large condenser (the schlieren lens). With a
completely flat mirror surface in the DSDT, all light is blocked by the
opaque stop, thus providing a dark background on the screen:.

Any deformation in the DSDYT's mirror deflects the light rays so that they
bypass the schlieren stop and are focused onto the viewing screen by the
projection lens. The image appearing on the screen is an exact replica of
the data written on the DSDT mirror.

ACCEPTANCE TESTING

As part of the contract for the deformographic display system, a test plan
was prepared and approved by the FAA wiich was designed to measure con-
formance with the specification in all the mssureable performance areas and
also to provide test data which would serve as a bench-mark for future
performance improvements. Appendix D contains a copy of the Acceptance Test
Plan document. The test of the DSD was done twice, once at the contractor's
facility, and finally at the Nat le.nal Aviation Facilities Experimental Center
(14AFEC) in the Coutroller-Computer Interface Laboratory.

The test plin defined the design parameters to be verified in the performance
of the display systes during an acceptance test procedure. In this manner,
the critical parameters and characteristics were agreed upon prior to any
determination of the values to be chiteved.

The acceptance test procedure established the procedure required to
demonstrate proper performance. Such a procedure is included as appendix R
to indicate the degree of detail and completeneas prevalent in the testing.

Certain critical parameter acceptance test results from the first engineering
model/prototype are listed !elow to indicate the level of performance. These
results convey the technical, high quality of the device; but more
important-ly, the degree of technical achievement is indicative of' 'the
soundness of the optical/electronic technology applied.

10
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a. Deviation of a projected reflective mirror (noa-ClT) grid pattern
from a grid overlay at nine points in the horizontal and vertical direction:
(in inches on a 22-inch by 32-inch screen):

TOP L•FT TOP CENTER TOP RICHT

Horizontal #0.025 0.000 -0.090
Vertical -0.025 -0.100 -0.080

CENTER LUT CENTER CENTER RIGHT

Horizontal *0.040 0.000 -0.100
Vertical .9.020 0.000 *0.020

BOTTOM LEFT DOTTON CINTER WTIN RIC4T

Horizontal #0.065 0.000 -0.090
Vertical *0.035 .0.085 *0.100

1% corresponds to 0.220 or 0.320 inches.

b. ."Open ateo" background brightnees unifomity, in footlamberts:

TO? LEFT TOP CaSTla TOP RIGHT

43 59 36

CENTER LUFT CENTER CENTER RIGHT

56, 76 41.5

BOTTOM L9FT BOTTON CENTER IOTTON RIGHT

48.5 60 31.5

C. Deviation of a projected, CRT-imge grid pattern from a grid
overlay at nine points i the horizontal and vertical direction: (in inches
on a 22-inch by 32-inch screen)

TOP LEFT 1w CUTEl TO RIGHT
Horizontal -0.065 'T W120
Vertical #0.100 0.000 0.230

CEINTR LanFT CENTSK CEIrt RIGHT
Horizontal 0.010 0 -0.005
Vertical .0.035 .0.013 .0.035

11
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BOTTOM LUfl BOTTOM CIwNTE BOTTOM RIGHT
Horizontal, -0.010 -0.005 +0.120
Vertical -0.050 *0.025 -0.090

* d. Largest line width on a 22- by 32-inch screen (39 inches

diagonal) a 0.034 inch; smallest *0.021 inch.

e. Worst brightness variation in a 3-inch vector section:

Maxa 46fl. Min 22fl.

Variation a 51.252.

f. Contraet Ratio at time of tost measurements *44:1.

S. Line spacing-wrRpt case on display ,screen was 0.031 inch with

worst case modulation at 71.3 percent.

h. Storage timeQ to 1/3 of original brightness--IS minutes, to 1/8 of
original brightnes.--30 minutes.

i. Rewrite accuracy after an esrasure-loes than 0.010 inch.

j. Overwrite accuracy--less, than 0.005 inch.

Acceptance testing was completed and the, unit accepted at, NAEC in May 1975,
with one temporary waiver. The, high-voltoge, switching power supply was not
switching fast eovugh to meet the specification. The supply provided wa~q not
the final deliverable unit, and difficulties with delivery of an AMP, Inc.,
unit 'resulted in the waiver. The proper unit was subs~equently delivered in
June 1975.

Cojicurrent with FAA acceptance, of the first unit, Dr. Carlo Broglio, Staff
Systemss'Analyst 'with the Office oft Systems Engineering Management, FAA,
directed an official inquiry to the Controller, Avionics Systems, IBM,
Federal $yst*ms Division, concerning dertailed estimates of the production
costs of the 050 based on the first unit technology, for application in
ena route ATC centers-to replace'the flight strip printers and paper strip
tabular bay*.

Appendix F is the complete response from IBM. bcerpts of special note are:

¶...In the absence. of detailed specific de~finition of the consoles9 to be
priced. we hae" made engineering estimates based on the fol~lowing
asuspt ions:

1. The consoles would b* functionally identical to the unit we
recently delivered to NMfC except that they would interface with t~he CCC in
the en route centers rather then the laboratory computer at NAFC. The
internal packaging and circuit technolog, would be completely redone to

*provide maximum cost advantag, for a large volume production run.

12



2. The recurring and nonrecurring costs are based on a, 1,0.00-unit buy
with 100 units delivered during the second year and 25 units per month in the
25th through b0tn months.

3. ThMase est imtes assume that the CCC provides the, display data in a
format reasonably compatible with the DSDT: i.e.. morea or loes in accordance
with the approach followed with the NAJIC unit. Within these ground rules.
this console would be able to provide the functions presently incorporated in
the flight strip printer. the flight strip posting console, and the computer
readout and update displayý. In addition, this console has the graphics
capability for the plan view display WDV) wich the information being
periodically updated from the CCC rathee than refreshed many times a second
as with the PYD. The display surface can also be zoned off to present other
types of data simultaneously vith flight strips, such as weather, NOTANS
(Notices to Airmen) and other tabular or graphical data.

4. An INN1-modified Gfl (Government Furnished Iquipment) cabinet was
assumed. However. there -culd not be a major cost impact it the cabinet were
fabricated by UNM rather than modifying a G79 structure.

5. The unit would be designed and built to good commrcial practice
with the 2100 series of spae as a general guide. This som type of approach
was very successfully used on the CCC and provides, significant cost
advantages without any lose of reliability or performance.

6. The nonre*curring estimate does ioclude all Che normal non-
recurring design and startup activities we thought would be applicable, such
as tooling, test equipment, conversion on packaging-and technology,
maintainability and reliability analysis, quality engineering, manuals, and
other documentation, interface design, human factors analysi., etc.

7. Th%# recurring price estimates are also complete figures including,
in addit ion to direct hardware costs, testing, progrem managemsnt,
engineering support to manufacturing, general sad administrative eapenuse, and
all other elements that normally go' into'& wait selling price.

S. Two configuratioes have boom estimated: a console with a single
ISV? a"d a console with two MDT's projecting em a single, viewing screen. In

the ualOSS unt, he R?;light source; less systme; deflection, video,
and aerase circuits; and all associated power supplies have boon duplicated.
In all ether. reepects, the two configurations ore idoentical; i.e.6, only one
set of electronics, power supplies, oec., have been awsus for -such
funct ions - interface, display amwestiomg and overall unit. control. In

-~ addition, there is very lltz~le difference is the cabinet, mirror, and viewing
scree* uetber es* OWS or two is asesud. Sincea the second V50? projector
is essentially a duplicate of the first, there is no significant differience

in Doerecurrlmg coets.
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on the basis of these assumptions, our engineering estimates are as follows:

Single-head console: $28,000 each
Dual-head console: $41,000 each
Nonrecurring expense: $4.6 million."

This proposal estimate was made prior to any of the developments and
improvements which resulted from the FAA test and evaluation period which
began in July 1975. Developments and experience with the system Gnabled many
design areas to be simplified, and in some cases allowed a reduction in
needed performance while still setting FAAs needs. At that time, it
appeared that each optical assembly or each electronic support assembly was
estimated at approximately $14,000.

PERFORPMANCE EVALOATION. TECHNICAL

Following installation, site acceptance, and software integration at NAFEC,
the delivered system was subjected to a series of tests to determine its
limitations, performance limits, and other technical benefits and
deficiencies, strictly based on the unmodified delivered unit. A progress
report (appendix G) lascribes the basic results at that time.

By optimixing the display for best overall performance routinely achievable
on the prototype/engineering model, the following performance, with
evaluation, was achieved, concurrently.

1 Brightness of alphanumeric and vector information on the 22-inch by
32-inch screen varied from 24 to 39 fM, which was very adeauate for
operational legibility in ambients at least as high as 30 fc. BIcaus
of the vary low .reflectlyLty of the plantic scraem, the"e brigtLsas
levels result in extremely high contrast levels. Since screen filtering is
not necessary to enhance contrast, the actual brightness levels of the data
are, significantly, about the same as those on conventional CRT displays
after passing through narrow band and/or neutral density filters. The
superior antireflectivity and absorption properties of the etched plastic
screen reduce the background brightness to extremely low levels, and there is
no reflect ive layer equivalent to a white phosphor.

2. Line widths over the 1-meter (39-inch) diagonal display surface
varied between 0.73-millimeter (mm.) maximum to 0.38-um minimm (0,029 to
0,023 inch). This corresponds to lines equal to approximately 0.06 percent
of the display diamter, in any direction, which is comparable to or better
then existing performance from CRT displays (example, 19.S-inch-diametew PTO
has 0.015- to 0.020-inch line vidth, or 0.0,77 to 0.1 percent).

3. Because of the storage nature of this device, the line-to-line,
. spacing is as important as the line width. For parallel vectors, the worst

%as* center-to-center spacing was 0.54 me (0.033 inch). While the beat case
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was about two thirds of that, the results0 indicated an effective worst case
optical resolution of 1.162 lines per diameter. For the 22- by 32-incti
displayi this corresponds to 667 by 970 lines at resolution, an impretesive
Cigure considering the reol display six*..

4. The smeallest usable character block on the 22- by 32-inch display
wa" 0.142 inch high by 0.107 inch wide. Since a minimum of 20 percent is
included in each dimension for space, this results dimensionally in a 0.125-
by 0.07-inch character, corresponding to 0.645 percent of total display size
vertically and 0.33 percent horizontally. regardless of final display size.
In practice, the smallest usable character readable ovtr the whole screen was
I/S-inch high, bottom centerline to top cen~terline, actualLy, closer to 5/32's
of an inch. By actual test, at least 33,000 readable characters could be
placed on the screen, and, while the diagonal dimension corresponds to the
diagonal of the useful storage target, the total area used is only W0 percent
of the useful target surface.

S. The measured contrast ratios with 30-fc ambient light on the screen
varied over the, screen, with alphanumeric data, from a worst case of 25:1 to
a best case of 39:1. Since brightness increases with the square of the
display diagonal reduction, a diispay of 1/2 the diagonal. 19.5 inches, would
have four times the brighcness. with the same background brightness. Thus,
contrast would be ezceptional for smaller display sieso.

6. For the set of alignment conditions used. and with special care in
test equipment calibration, the accuracy of rewriting Information was found
to be better than originally expected. With &an erasure between the two
writing sequences, the typical positional variation was 0.012 inch, about
one-half a line width. Placed in perspective to the display, diagonal, the
error in placing a point on a line, after an erasure of the entire screen, is
approximately 0.03 percent. An un~expected result of rewrite without an
erasure was that positional accuracy was better than 0.001 inches, or 0.004
percent. This is what would be expected of a precision CRT yoke deflection
system, but tho manre*r in which charge on a storage target would affect final
boam location was not clear.

.7. For a strale writeup of a pattern,' as compa&red to a grid ' over Iay-9
the wor~t deviation occurred at the top of the screen, as expected,' due, to
the off-axis projection. This error was 0.8 percent and was due entirely to
optical distortion resulting from the'projection of a flat surface, the
target, through, a curved optical system. Since no x-7 correction was applied
through the deflection system to compensate for this error, this, is purily an
optical one and entirely correctable.

8. The optical magnification of the system rumained at a nominal 13:1.
39 inches of diagonal final display for 3 inches of diagonal target. This
was, a necessity to compromise the available tubeftarget siae to the desired
tab bay 'size. It was subsequently determined in later test's (described in
this report) that this magnification exceeded the ffhigb-quility" optical
limits ofthe optics provided and resulted in th, line* width and resolution



limits achieved. 1agnifications of the order of 9-10 times signlificantly

improved the objective and subjective quality of the display.

9. The capability of fast, total screen erasure was elusive throughout

the early testing period. The measured times for a full screen of characters
was as much as I second. An extensive beam energy analysis resulted. in
modifications to the pulse amplitudes and duty cycles, and the result was,
first, a full erasure in 200 milliseconds (as), and then finally in lose than
100 a. This significantly enhanced the appearance of the display, even
though full (flood) erase would not normally be used in an operational
system. The information gained was applied to the selective erase function.

10. The plastic screen used on the delivered system had a gain of 180
percent. A tradeoff exists between viewing angle and screen gain. The

initial desire to Set as much brightness &s possible was compromised,
satisfactorily, to achieve a much wider viewing angle. With a unity gain

screen, the viewing angle is effectivel.y 1500 or more, and the use of the

display by several people in a sector configuration would be enhanced. When
tested with screens of 270-percent, 390-percent, and even 450-percent gains,

considerably brighter displays resulted, and the viewing angle was reduced to

.as little as 600, as expected.

13. With any storage display, the writing rate becomes one of the
characteristics that is compromised in order to achieve better overall
performance. The rates chosenwduring the design phase of the contract ranged

from 500 inches per second to 2,000 inches per second. The use of 500 inches
per second at that point in the evaluation permitted sufficient data to be

written in adequately short time periods. Later in the program, chrough the

use of novel timing cycles, higher rates were used as well as multiple

rewrites at 2,000 inches per second.

The most efficient and effective manner to produce higt-quality,
chaLacters was to write one complete image at the 2,000-inches-perosecond
rate at a bias level above cutoff but below visual perception, imm.Jiately
foLlowed by-a repeat of the image at a bias level above cutoff and above the

visual level, but below the level needed to store the same image if a

single-vite image wete used. In effect, a low drive followed by a moderate

drive, a. fast rates, produced a more superior image than a high drive at low

rates.

,.2. The long-term stability of the display system was based on two
aspects of the'design, the mechanical integrity of t:he zi "s, mounts,

frame, screen, etc., and the electronic stability of the 4_.Lection system,
power supplies, etc. Over one 7-day period, using hinh-accuracy overlays, a

fixed reference point on the project image drifted less then 0.001 inches,

when console on-off power cycles and write-erase cycles were introduced over

the time period. Character size and brightness'differences over the time

period were immeasurable using calibrated Gama Scientific, Inc. scanning
photometers.
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13 Sixty-four digital video drive levels are available from the
microprocessor that controls the display system. Hovever, to the eye, .ix
shades were discernible as logarithmic 'steps out of approximately 32 visible
video outputs from the storage tube. This indicates the potential dynamic
range, the gamea, from cutoff to, saturation.

14. Selective erase action involved the switching of high voltage from
approximately 10 kV to appiroximately 3 kV. The variations in deflection
sensitivity resulting from such a change are arnd were able to be compensated
for to the degree indicated by the erase and rewrite accuraciei. However,
there was no attempt made in the first model to correct for focus 'change
during erase; hence, the erase beam to defocused to approzimately 0.060 inches
(1.5 mm). A "safe" area around any one character, or group of characters,
was found to be about 0.075 inches (!.9 mu). or doubleo that figure between
adjacent data that could be nelectivzly erased.

IS. Each tube has a set of characteristics which asit established by
manufacturing processes and materials. At the start of the contract effort,
storage time was determined :o be a critical parameter that would signifi-
cantly affect most other pertinent parameters. The storage characteristic
was designed into the target material to produce a slav decay in image
brightness over a long period of time. The initial specification was based
on a 30-minute useful, readable life of the data. This resulted in the
acceptance test results previously described, as well as a practical, daily
verification that 10-percent brightness after 30 minutes was about thme best
for the particular chemistry chosen. It became clear, however, that the
usefulness of the data after 5 or 10 minutes was marginal for most potential
appl icat ions.

Furthermore, a technique called subliminal refresh was developed in the
lab which permitted the rewrite of a complete display every 5 to 10 minutes

S-at a video level just below visual perception. This action provided a
-- perpetual high-quality display, and further development of such a refresh

action would reduce the effects of the longer storage compromise on
resolution, erase, and brightness.

16. The maximum time to erase's single character-sized blocL of video,
excluding poaer supply svitching times, was 100 microseconds (/as). As
characters were mde smaller on the target, les time. was necessaty to erase
due to increased energy density in the erase raster; but as a practical
figure. it takes as long to erase a single character as it takes to "ri~i t
(worst case, 100 as).

17. Over the months of testing and evaluation, the effects of dust,
smoke, and building vibration were' observed. Since the image is formed only
at the display screen, dust particles do not defoces or modify the shape .f
the final image. Only at the schlieren stop ('see figure 2) can dust
particles affect the composition of the Fourier optical sumn that produces the
image. But the seroeth order light is blocked by "'"particle" almost 1/1'
inch in dimmeter-the stop itself. feece, duet cannot affect the opacity of
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the stop anymore, si. • it is already iapervious to light. On :he mirrors,
the effect of dust is to reduce light output, but no measureable differences
wer, recorded.

Vibrations from an air-handlicS ventilator 30 feet away could be
measured as 0.001-inch vobulations of the data, insignificantly small. A
sharp knock on the console would cause a vibration of the imaAe due to mirror
movement. but the damping inherent in the mirror mass resulted in image
damping of 0.5 seconds or less.

18. A capability for a limited ruwber of colors, digitally selected,
for displayed data. was studied and demonstrated. By the use of very simple
composite color filters placed concentric with the schlieren stop. several
"modes of practical color generatioc vere analysed, and the application of
such color capability, produced at such a low cost, vas investigated.
Figure 4 shows cluaeups of flight strip data with different colors as field
backgrounds, as well aq a monochromatic version. *The colors were digitally
changeable between red, green, yellow, blue, and, trivially, black. The
smaller characters ,n the figure are approximately 4.75 m- (3/16 inch) high.
The crulor capability was established but not pursued any further at the time.

DEVELWPENTAL PIKOI14AKN., MODIFIED

Three areas of modification were considered during the performance t esting
phase; two were related to improved, display parameter performance, and the
third was concerned with the enhancement of the operational use of the
disp-lay as an interactive date terminal.

1. Dynamic focus was achieved in the delivered DSD by a multisone
discrete step focus circuit that provided for concentric diamond-shaped areas
centered about the display center. This resulted in focus compromise* that
were less than satisfactory, since it as obvious that equally good focus
could be achieved everywhere -n the display, but not at the same electrical
focus (electrostatic) value. A more appropriate circuit was developed which

.utilites the X-Y deflection position to calculate and generate a waveform.
that provides a true dynamic focus value. Significant overall improvement
resulted, end alignment ease woo enhanced.

2. As noted earlier, the magnification originally chosen resulted in
-an approsimately 1:1 site substitute of electroeicdisplay for paper flight
strips. Character size. numher of vows, and characters per row closely
matched the typewriter printing. The ambitious goal wes to display 30,000
characters, each approtrmately 116-inch high, approximstely 130 lines of 230
characters, all oe a 22- by 3Z-inch display area. This use achieved, and all
the characters weoe legible, but not as crisp as printed type. The 22- by
32-inch site resulted from a 1-ýmterddiagonal image eise "rectangled" to a
flight strip tab bay size. As the diagonat was reduced in *sie, the
characters became clearer, crisper, and mOre defined, sad their mark-opece

18
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ratio improved. The smallest diagonal achieveable with the unit as
configured was approximately 22 itches. While the chlaracters shrunk to
almost 1/16 inch, the display *is* became 15 by 15 inch#s, all too small for
practical viewing at 24 inches. A roduced size of 26-inches diagonal
resulted in a satisfactory display. uise, with considerable improvement in
clarity. No loss of legibility occurred, and the display was more usable
than before. Due to a smaller viewing angle, the apparent brightness
uniformity improved. Also, as expected, any of the optically induced
nonlinearities were reduced when the magnifiaction was reduced.

This @ite yes very compatible with tower cab display consoles, and
provided e*u.Aregesent for applications in this area. brightness increased
by the square of the site reduction; hence, the 67-percent. size change caused
more than twice as mad, image brightness.

An analysis of the cauae of the character clarity improvement indic&.ted
that the optical system for projection was exceeding its limits of resolution
with the 13 times magnification.

3. The use of such a large amount of display information, as ii
capable through the Oeformsgraphics display, depends on data entry te-.hoi-ues
that are simple, reliable, and, as far as the FAA is concerned, amenable to
ATc operations.

The display screen of the DSD is large enough to be considered as a
fingertouch input device to be used to select a character, or a group of
characters, or a position on the screen, and to make entries to a computer in
this manner. Since the screen is plastic, it is safe to push on, and the
etched surface is unaffected by finger prints; hence, it is very comautible
with a finger-touch entry concept.

The development nf such a system is not part of this report, but mention
is made at this point because of the additional advantages of a touch input
system coupled to a large-orea, high-resolution display. The lars* screen
permits spreading out of information on the display , dedicating the use of
screen areas to menu selection lists providing programableokey cap legends
for keyboard replication and mixing graphics data, tabular data, and
fixed-imens microfilm images.

Finger-touch input circuitry'ezperimatation utilisin$ hardware matrix,
electroacous•ic ad infrared optical have been designed and incorporated into
the display console (see figure 5). A report has been written (reference 3),
which describes the operational tootiog aspects.

The enhancement of the DSD, bectseu of its ierent cematibility to certain
finger-touch input roystem, especially in high abest illuminatiom, Was
deomnstrated during this, phase. of the project and established as fact.
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INPLEIK4ETATIOIS PROPOSALS, SECTOR STUDY

The achieved t, t:hnical performance of the D6D, coupled with the interest
shown by all oeg the people who used the DSD in simulations of certain ATC
taks, provide. an impetus to the DSD manufacturer. IBN Corporation, to
consider a unicue second step in the determination of the applicability of
projection disllays and the Deformographics in particular.

In conjunction with their own ATC-ezperienced personnel, and with their own
highly experienced and knowledgeable National Airspace System (WAS) CDC
engineers and systems'analysts, they prepared a technical document describing
a systems approach to replacing the flight strip printers and tab bays with
electronic displays. They described how the HAS system already contained
most of the hardware elements to accomplish the interface between the 6SD and
the CCC. The use of the microprocessor in the DSD as an emulator permitted
the DSD to function and use the flight strip printer input data directly. As
far as the CCC was concerned, it was talking to a printer. A summary of this
proposal, written in 1976, is included in appendix H. It is very similar to
the results expected from an El for Electronic Tabular Display (9oTABS). A
contract to procure such an E-TABS system was to have been released by the
beginninl of calendar year 1979.

The significant difference between the original 1976 proposat and the
expected results from the 1979 contract is that the 1976 IBM proposal
provided for a simulation capability to determine the tabular data
requirements for on en route sector without imposing hardware limitations
(display sise, data format, etc.), without making assumptions about the'
sector requirements that would impair the objectivity and flexibility
necessary to find out, in the first place, the role of' such an electronic
data system, without limiting the scope of operational investigations and
evaluations, and without committing large sums ot money to unproven systems
concepts.

At such a critical point in the fulfilling of the long-term goals of Alt
system development program, such an installation at the RAS System Support
Facility at ISAFtC was designed to:

1. "allow the lirect evaluation of a very important new display
techoology," amd

2. "be am umwafelly-powerfel display evaluatLon tool, for use am a vide
range of future coacept development prosrin"* (excerpt from summary).

The proposal wee not actd upon, sad the C-TAMS contract effort was 'postponed
until 1979.

2)
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I=
DEVELOPMENTAL PERFORMANCE, CONCEPTS

,-wo entirely new concepts in display use and maintenance, continuous area
display and noninterfering maintenance, emerged from the study and evaluation
of Deformographics, 'oth of which apply to projection displays of most types.
They clearly indicate the potential for projection displays, in general, and
were expanded upon only'to the extent necessary to validate the concepts.

CONTIN DUS AREA DISPLAY.

The projection of complete area images alongside each other so as to produce
a continuou' display on a continuous display screen is a new concept
unachievable by conventional display devices. The ability to provide A
display surface perhaps 24 inches high and 10 to 20 feet wide, or more, with
the positioningX of information anywhere on the large screen under computer
program control opens up new ideas for ATC operations. A series of
projectors would be the information sources, as shown in figure 6. 1The test
results show that under computer control, registration error between data of
adjacent image areas can be less than I percent, corresponding to less than
0.3 inch, horisontally. In actual tests, linearity can be maximized at the
imale area boundaries by computer algorithm, and the resultant registration
was less than 0.125 inch horizontally.

From an operational point of view, a continuous display surface of relatively
unlimited horisontal dimension, free of bezels or CRT mounting hardware,
capable of displaying any type of data, in any form or. format, at any
location on the viewing surface, under software control, would revolutionize
the concepts of control sectors, sector size, reconfiguration, flight data
utilization-in fact. entirely new, more effective and efficient concepts of
data utiliastion could be applied.

Is. addition, this concept would accosmodate any -future concept which
generates information for the controller. This would significantly reduce
the need for implementing discrete displays as new data-generating functions
are introduced into MAS.

MN)INTERFERING MAINTENANCE.

The packaging design accomplished and verified in the DSD performance
demonstrated the feasibility of separating a package called the "Need,"
containing the electronics, optics, and tube from the display viewing screen.
(see figure 6). The distance, in the case of th. original deliverable, was
approximately 7 feet. This permitted the "Neads" to be placed in an adjacent
room or service area and to project. the image through a window in the well
onto the display screen in the operational area. All service and
maintenance, including "Need" substitution, would be accomplished outside of
the ATC area, and with little or no interference in the .TC operations. In
the case of a tower cab, the room below the cab would be the location of the
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"Heads," and projec:ion to the console display surface would be through the
floor.

The efficiencies of this more central and less interfering maintenance
concept, including the aspect of staffing, are evident. (See letter dated
9/17/75, ANA-I to ARD-I, appendix I.)

DSD CONTINUING ROLE

The DSD continues to play a vital role in a number of additional efforts
beyond the original program intent.

I. The ER used in defining a specification for an E-TABS display
(appendix A) was heavily based on the known performance capability of the

*DSL, and on the interactive capability of a touch input screen.

2. Advanced Tower Cab work station design underway at NAFEC is
patterned after the consolidated display of information that is inherent in
the projection concept. This e'ffort is based upon inital requirements from a
Request for kD6E Effort 9550-I, No. AT-100-29 (appendix J). As a baseline
for future performance capabilities, the DSD performance has opened the
limits of feasibility and firmly established display capabilities that have
not y'Ot been met by other technologies.

3. The ability to simulate most types of analog and digital displays
(example, weather graphics, figure 7) has resulted in the use of the DSD as
the prime display unit of the Controller-Computer Interface Laboratory
(CCIL). a recently established human factors and technology development and
evaluation facility at NAFEC. The DSD will enhance the lab's capability to
deal with ATC displ&y problems, designs, and developments for many years
until technology can catch up with it. 1he CCIL, in the' new building Under
construction at NAFEC, is being designed ta take full advantage of the .DSD
flexibility.

4.. The value of projection display as a serious approach to FAA'* data
presentation requirements has finally been accepted on a working level basis
by the agency's research and development engineers.

CONCLUSIONS

rhis report records the development, teuting, and evaluation of a now device
application of a unique technology. The results of the technical testing
evidense the actual performance of the first engineering model of this now
technology in practical use. The performance was not measured on a
production model; however, it is so exceptional as to encourage speculation
on expected performance in production units.
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As is generally the case, peak performance is maintained on developmental
equipment through special attention by experienced developmental engineers
and technicians; expected nominal performance would be somewhat less than
peak. The performance degradation with time in the DSD was comparable to
that of a hight-quality CRT.

orweveT, it was very clear to program personnel that minor improvements in
certain component and design areas would significantly raise certain
performance levels. In most cases, applying the sam kinds of
state-of-the-art technologies that most commercial display manufacturers
normally utilize is all that would be necessary to effect such performance
increases as 600 line pairs per inch resolution, 10-percent brightness
variations, 50-ms flood erase, and television writing rates of 15 to 30 ps
per target inch.

Furthermore, in all the experiences of the technical project personnel with
developmental display devices and systems, no other developmental display
operated so consistently, so routinely, with so few "glitches," and with such
little maintenance as did the DOD.

Specifically, it is concluded from all of the program efforts and results
that:

I• Projection display from a stored imaja, is the best method for
achieving the performance necessary for ATC data display in the various
environments encountered.

2. Devices exist today to provide the high-resolution, storage,
safety, color, brightness, contrast, fail-safe capability, etc., already
established as necessary or very desirable for ATC purposes.

3. The Deformographics technology and hardware are more than adequate
ior the FAA to begin larger scale studies of the use of such display
capabilities to improve and enhance the ATC data display/handling functions.

4. The use of an integrated touch-input display surface provides
significant capabilities in large date display Systems and must be evaluated
further.

S. The concept of separating the display support hardware from the
operational viewing screen areas in facilities is viable and pracL.cal and is
a direct advantage of projection display technology. This will save space in
the ATC operation areas and will ease maintenance considerably.

6. The concept of a contisuous array of projection displays to provide
a work surface display'that is equivalent to many work stations alongside
each other is viable and easily achievable using projection techniques.

7. If the Deforoiographics were used to replace the PVD and other
similar CRT displays, the following benefits -Ould accrue:
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a . The absence of a large evacuated PYD bottle would greatly
reduce the risk of injury from implosion.

b. A dramatic reduction in power consumption would occur, and
this would further reduce the air-conditioning load and capacity require for
cooling the equipment, as well as lover the ambient noise levels from cooling
fans anJ air moving through ducts.

S. As a result of the technical'approach taken for the en route flight
data tabular display development (E-TABS), the FAA is not pursuing nor has
any plans to pursue the application of'Deformographics and/or the
technologies based upon it, and has not encouraged the advancement of this
technology for tabular and graphic display. tnstead of tabular and graphic
data, stored in a fail-safe mode of display, in multicolor, on a safe,
legible, flexible display device, the future en route flight data display
system will be limited to a tabular-only, monochromatic, volatile display.

f.1
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The purpose of this preliminary engineeringt requirement Is to
provide a document which. will support the Fiederal Avi-tion Adaiti-
stratlon (FAA) in the development of aR engineering *4uirement
containing the final requirement& for. the Deforu og$'jniJc. Storage
Display System. 4
The FAA intends to procure two versions of tho&Aoomographic
Storage Display System from the Int rnationa'4%31s Intos Machines
Corporation (IBM). One version will be coas4 iured for an En-Routo
environment, that Is, in the form of a Wei and Manual Posting'
Console, Type *-IA. The second version '4,.1 be configured for a
tower cab. Both versions will be used 4'.the National Aviation
Facilities Ixperimental Center and at qVAeccsd field sites, to eval-
uate the potential of such storage d play systems for use in the
Nationa~l Airspace System.

This engineer ing requirement thl'p~ or* io designed to be used to
procure a specific, one of a k ~ development model of a display
system which utilizes a Defov graphic Storage Display Tube, for
evaluation by the FMA. It 4w not intended "n a production specif i-
cation to procure many dir Sp'y systems. Nor art the requirements
specifiled herein Intende' '3fo be the f inal requirements for procurse-
ment of the developmment idol of -the storage display system. This
document is am Lateri'4 ,.tep, to be followed by a document contain-
ing the f inal reqUIr$wet* for the storage display system. back-
ground ratioon"l rrF4ird to understand the contents of this prelim-
inary, version of a engineering requiremet is discussed In the
following Para$,, ms.

a.) Since t A test of the FAA is to procure a specific system
for ev %time porpeses, the eaglaeeriag requirement used for
the r -umeant shoud define perfogsmesc rsqutinmts which
ar ~g his the capabilities of the, ceecrectore sstem end weo

ae."oe me pooeible* to being within the rane. of accqeptble
a orememne paermt.r for FIA display mstetin.

be' the SM Defe"Werespki system io OtIUl a develeis it",'Powd thereforve display pertermamce aeirectwistices"Wme diff icult
4' oi def ime. M3 Mas supplsied their estimte of achiueeble

pert ersmeas Peromters, M e thane estimates are used as the
basis for this prellixenry wgiaee~rig reqolrints

e.) $iace is som erawe the 119 estimates defit" a display "ytm
which might be unecceptable foc um sei the National Airspoeec

A-IL



System, the FAA intends to use this document during tech- I
dlscuesions vith IBM in an attempt to define a system " %h
ca both be achieved by IBM and to acceptable to theo.,A. no
result of these technical discussione should allov.ýI$nal I
vereiom of the engineering requirement to be pre ';d.
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This engineering requirement establishes the preliminary
irequiremens for the design, developmento, fabrication. perf or-
mence testing, delivery, installation, interfacing, and check-
out of a beformographic Storage Display System.

The Intent of this engineerIng requirement Is to obtain display
systems from the International Businessu Machines Corporation
(13M) which utilize the Deforuographic Storage Display Tube.
These display systems will-be used at the federal AviatIon
Administration's (FM) National Aviatios Facilities ZzperiL-
mental Center (MAFUC) to evaluate the potential of such
devices for use In the National Airspace System.

Since the system awe to be considered development Items end
will be used for evaluation purposes only, the use of go
ccuaercial standards" In the construction of the qipet
documentation provided, aet. is specified In met cases. Now-
*eve, the docameats which would apply to equipments seleocted
for uae ta the National Airspace System are listed in Section
2.' These documents should be used as a guide ~wbever
feasible. System requirements are defined In Section 3.
Quality assurance sad deli1very provisions are defined In Sec-
tions 4 sad S.
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. AP LICA6ST. DO(C't*NTS

The following documents, including al1 parts. -!upplemeants,
r.evisiona, and aone't4ents, of the Issueo- specified. foci: a
p'art of this rnj[invring rceuirement and are dp'1Lc.dbla to L.-.
extent specified herein.

2.1 FA& Documents

FAA-G-2100 Electronic Equipient. General Requlrement%,
including:

?AA-G-2100/lb - Electrontc Equipment. General Requirceatita,
Part 1, Basic Requirements for all Equii-
ments, diced 10 July 1970.

FAA-G-2100/2a - Part 2 - Requirements for Equipments
Employing Electroa Tubes, dated 19 Juue
1968.

,FAA-G-2100/3a - Part 3 - Requirements for Equipments
Esployin£ Semiconductor Devices, dated
19 June 1968.

YAA-G-2100/4b - Part 4 - Requiretents for Equipments
Employing Printed Wiring Techniques.
dated 5 February 1969.

FAA-G-2100/5 - Part 5 - Requirements for Equipments
Employing Microelectronics Devices, dated
24 March 1969.

FAA-C-2100/Suoplement 4 - FAA List of Applicable Docu-
meato dated 10 July 1970.

Attachment to FAA-C-2100 - Attachment 1r, Non-Standard
Part Approval Instruct.ona.

NOTE: Specifications FAA-G-2100/lb. FAA-G-2100/2a,
FAA-G-2100/3a, FAA-G-2100/4b, FAA-2100/5, FAA-G-
2100/Suppleeont 4, and Attachment to FAA-G-2100-
Attachment I ore referred to, hereafter, as
FAA-G-2100.

FAA-I-650-003 - Cunaectuons. Klectrical Solderlesa
Wrc•pped, dated 25 September 1970.

A-2
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VM-D-638h - Instruction Books, Electronic Equipment.
with Amendment 1, dated 13 December 1968.

FAA-STD-002 - Federal Aviation Agency Standard for
Engineering Draingas,, vith Amendment 1,
dated 6 October 1967.

FAA-S4TD-10 - Graphic Symbols for Digital Logic Dia-
grai, dated 2 February 1970.

FAA-E-205C -Radar and Manual Posting Console, Type
*-lA, wrLth Amendment 1, dated 7 April
1970.

TIM-R-72-111 - Evaluation of Righ-ActivIty Level Tower
Cab, Final Report, dated October 1972.

2.2 Military Documents

NIL-aTD-41a - Electromagnetic Interface Characteristics
Requitrem nt for Eqtipment with Notices I and 2.
dated 20 March 1969.

2.3 Other Docuents

2.31 NSA Standards

&I W6-3 - Specification for Mult1layer Printed Wiring
Boards (Plated Through Role), dated 15 Noveer
1968 •

2.3.2 DS&ital -Stulnot Corporation Documents

C-1I-UIA-0 - ?DP-•-/ Martata Manuel, Volum 1, dated
* 1970.

* -5-Programmed Data PTC"o~ PUP-89 Users
,modbook, dated July 1965.

21.3.3" m Corratim Documants

n-1609 i Rev. 1. - Zvaiuati•o Procedure for a CaUthde-R&a-Tube
Display Deesgue for the US to R&"te

yttent, dated 29 March 1971.
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(Copies of, this engineering requirement, dad copLes of the
applicable FAA specifications and drawings, may be obtained
from Federal Aviation Administration, Washington, D.C. 20590,
Attn: Contracting Officer. Requests should fully identify
material desired; i.e.. specification numbers, dates, amend-
ment numbers, complete drawing numbers; also, requests should
identify the invitation for bids, request for proposals, or
the contract involved,- or other use to be made of the requested
material.)/
(Single copies of Military specifications say be obtainable
from Fedaral Aviation Administration, Washington, D.C.. 20590,
Attn: Contracting Officer; mail requests should cite the
invitation for bids. request for proposals, or contract for
which the specifications are needed; mail requests.., if found
acceptable, will be forwarded to a military supply- depot for
filling, hence ample time should be allowed.)

(Information on obtaining copies of Federal specifications and
standards say be obtained from General Services Administration
offices in Washington. D.C., Seattle, San Francisco, Denver,
Kansas City, MLssouri, Atlanta, Chicago, New York, Boston,
Dallas, and Los Angeles.)

(Copies of other publications referenced my be obtained from
Federal Aviation Administration, Washington, D.C., 20590.
Attn: Contracting Officer. Request should fully identify
;!terial desired; i.e.. publication numbers, dates, etc., and
use to be made of the requested material.)

2.4 Precedence of Documents

When requirements of the contract, this engineering requirement,
or subsidiary documents are in conflict, the following prece-
dence shall apply:

a) Contract - The contract shall have precedence over
allOther dociumenca.

b) Engineering Requirement - This engineering requirewut
shall have ýprocedence over all subsiary documents
referenced herein.

A-4

V. :



3. 1 Sum"7, of Katerlals and services to be Bumnihed

Us contrac tor shall provide all necessary services and
imaterials to design. develop, fabricate, teat, deliver, install,
Interface, and check out the equipments required by this
engineering requirement and the Contract, and shall supply
the major deliverable items tabulated below Is the quantities

an at the times required by the Contract. Any feature or
Itemm necessary for proper operation In. accordance with the
requiremeants of the Contract shall be incorporated even though
that Ust or ftasture may not be specifically described herein.
In addition, the contractor shall provide all necessary ser-
vices end material to prepare, reproduce, and provide reports

Md. other documentation as specifiled herein.

Use equipamet shall accept the specified Input signal soad
sball operate In accordance with all specified requiremnts.
The contractor shall be responsible for the detailed design
of the Interface between the equipment developed to coigly
with this engineering requirement and the equipamet with which
It will be Interconnected, subject to the requirsimnts con-
talmed herein. Upon specific request from the contrsitor.
the Goverment will furnish any technical information which
It how or can reasonably obtain, and which Is necessary for
the contractor to meet the Interface requirements. The cow-
tractor shall coordinate with the Contracting Officer's Tech~-
atea" 11proesetative and other personnel (as designated by
the Contracting Officer) its activities In imating the sasocia-'
tad equipment Interface requirements.

3.11.1DefrmeAshic ftorsam Displsy System uinameat

&0 ft-lute Cossole Sq"uiamemt

(1) toumrsai ftpy.Tb
(3 Usfecio drilerss optical systems

(3) Dflecion rives, v dea i.ver, nd erase
costrol for one to"e.

(4) A single, met of generater electronics esmmistlag .1
1354 Istartaoe, symbel/charecteu/veatoz -Wemraters,
md aessciated control end areas control lotic. These
elettronLee shall be capable of driving -m or Wetaboo
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(5) Viewing screen

(6) Power supplies

b. Tower-Cab Console Equipment

(1) Tower-Cab Console •
(2) Deformnographic Storage Masp! ,;,b*
(3) Light source and Schlier-- .3ticsl system
(4) Deflection drivers, .. * driver. and erase

I control 1011"
(5) A single set P'S...erator electronics consisting of

PDP-8 late- , i6 yubol/character/vector generators and
aesocli" control and erase control logic. These.
elp-Sl',cs shall be capable of driving one or two tubes
S@ comand.4 1. iewing screen
Power supplies

3.1.1.2 Support Equipment.

(a) Special Tools and Test Equipment
(b) Spares

3.1.1.3 Documentation

(a) manaxement Reports
(b) Squipment Operation and Maintemance Instructions
(c) Acceptance Test Plan
(d) Equipment Acceptance Test Procedures
(e) Test Data Sheets
(f) Final Test Reports
(a) Site Prep.ration Specifications
(h) Installation Documents
(i) Spare Parzs Lists

3.1.2 Services'

3.1,2,1 InstallatlouNaterials and Services

3,1.2.2 Training Services

3.1.2.3 Failities for guitomer Revreuentativse

3.1,2.4 Cooleration Ond Coordination

1.1.J Quality Assurance !rovIsione

I



UsfoUawlag are def Latltow of ftroeqmrly used term mad
shbreywiom~ appearlas to this osgifeeriag reqUMMU.

CU Causal. Rack Rear
CT. Comelol Tuarret Lomer
C29 Camel* Turrot Uppier
PFA Fedra_1 Avia tion Aduministration
UK Iaterneeiosel hisimess Mackisee Corp.

Useso ;)ou Tims
IS seas Up TIM

RAWVC National Aviation Facilities ixperimmesal Ceuter
pw-S programd Data ?proeessor-4 (c.o'ster)

3.3 "Wou ktji a"d General Yvacticoal Ngr own~u~tO

Us htoiinrekl sterage "islays to & eeIf led bereft
shal semesst oft

a.) w-Smtso eomoe* configurations as required by the
Coutreeg

b.) womsoode
s.) Choloe as required by the Contract
de4) Uqpigrt oqu1pwsl so required by, the Cestrect.

.u seggnwmgrphi Storage DUMMlY 276ton t cos tlered la

3.3.1.1 b-sapose 00AMOU IMsimureo

2Mdoa bMoto einelsessfiewatenthe eft- tore heml
weSy a soder God woo Pecastm cosmle Type N-IAD uhish
will he SWVplis by FAA? Go Ossmerm Vwalsbed 3quiawo

me1 eIt is the Oesotieee so MAUL laotsce do feusifete
tu do U n led oesols

b.) hbvm spblan Sokiegee optlmy tub

e.) Metleetles 4biwere. sides 4uliver a" on"emsanrs

"4.)£ eas smb .1 lebwaseetreeteel mustefttu .e seset
*sw* Godwan *@ae m & WalMes* Ussme os ae, oimietaI
mespoe of rt Olwl me tor VA ups. 49M.
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a.) Viewift scrasm
f.) Power supplies

3.3.1.2 Tour-Cab Suqaols Coistilguption

to the Touer-Call console awfLiguratios the contractor sabll
fabricate a typical Tomr-Cal console sad shall insatall the
following in the Console:

a.) Deforingrapbic Storage Display Tube.Sr
b.) Light swwss sad Schlierea optical
a.) Deflostiom drivers, video dit- j$eraos. control
4.) A uingle set of puerr-.'¶%2tcusiCa consisiting of DFo-$

Interface,. sybo ¼O1A~tar/¶ecto* generators. and associated
neutral &P-1 CTki. control logic. these oelctrouilce thall be
e18W.0 IDPWiViU om of two tw*u pon o mmad.

L3..2 general Fuactiooal Sinirounta

The Daformgrapbie Stec&@* Display System shall Us capable of
eceept tag signals from the Cover at-omad, Programed Data
1'roceesoor4 (?Or-$) sad displayiag this information em the
viowiag ameo*.

tt shall be the responsibility of the evatractr to determine
mad design the required lataface. betwee the POP-$ a" the
Deformerapbie Steraep Display Systow. mobing OU-C1-HI*A-D
sed F-45 as a guide. Th. Government Will Provide a eceas to
'all documentation available at NAYU em the PM-8 (is addition
to the descuotation, listed is Seation 2.3.2), and to the
POM- equipment located at MMF If required by the, esetraater.

fthe PUP-S1 isse available Let use at the contractorsa
facilities du to other owmnimssss gs. itsamur at UA13,) The
metxeactir shall owh~ts all such requestois writiag to the
Costroaaift Oftiser at toeat Lifteen days prieot to the require-
met. -1 mson to the 1364& oquitemee is requested the Covers-
wan Will all.w so"h asems soane es-evileable besis. U the
"c"M Irsr La ay.ý 10"o914s6t PWG- oquipmat (that
Ise *6 ~lea osde diSeemwets wires, see.)q it s&eX be the
responsibility ot the ersetroat to retur the 13a4 to the
es"itIsaeba %6M matod befteme web inodteftse um ees primt
to the releasse of. saw" by doe awsresos. 0 Mtretet is a"t
sequiced ",to" tam givrei ost"NO swept bt pooper angles tdofh

oboe .1amm of the esserot,, to suim"amy 4 M ropsamy* dofh
&"commta' 1364 or Its Leaionsrf ree the deseripties semiamead
toathe rebrea0 dooam"" am pro.,Ue4 to the aemtcaeess by the FMA.
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3.4.1 ,General

The Deformographic Storage Display System shall be configured
in an En-Routoe console as required by the Contract.

3,4.2 EnTROUtc Connole Design

The FAA will provide one each of the folloving units of a
Radar and Manual Posting Console, Type K-IA. to the contrac-
tor (Referen.s FAA--*2ulSa).. These units will be provided as
CoVernmant-Furnished-Equipment, at no cost to the contractor,
vithin thirty days after awrd of Contract.

Unit Name rawini "umber

Console Turret Lowr Assembly (CTL) D-5647-3
Console Turret Upper Assembly (CTU) D-5647-28
Console .ack Rear Assembly (CUt) D-5647-103

The costractor shall modify the units a" '-cessary to mount
two Deformographic Stocage'Display Tubes and the other equipment
defined is 3.3.1.1. These shall be mounted within the CT?. (and
CUR if additional space is required). The CTU shall not be used
by the coetractor to mount any part of the display equipiest.
The display equipment (tubes, light source, optical system and
display electroeics) &ball be mounted in a removable frame which
ti capable of being removed from the console and operated-as a
ladependant unit for projection on other sise screens.

The coatractor Shall most a viewing screen in the space provided
by reo vina the stripholder trays from the CTL. This ocrem shall
completely fill the space provided (approximately 22 inches by
32 iache•), snd the optical system provided shall be cap•ble of
illuminating this entirn wae.

It sholl be the respemaibility of the ceetractor to coedimate
the prep"aed ceseole medificatione sad design with, the Govern.
met Teehtheal apree•etative Prior to the start of md1fIe-
ties to Loewe ematibility with lataeded use.

. ....--.--.
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3.4.3 Tower-Cib Console DesigLn

The contractor shall fabricate a Toter-Cab console up- AA-
3UD-72-111. Figure C-2. Typical Console, as a guide .ne
plywood console shall be covered with Rosewood " 'ý4(64) rvtte-
finish foriicta. The contractor may view sam ti of thez#
consoles at MNAFEC if it is required. It ' .s be. the responsi-
bility of the contractor to arrange to .%4.'the consoles with
the Government Tcchnical Representer" ¶.

The contractor shall mount the It rooraphic Storage Display
Tube(s), lirht source(s). S' .%ren optical system(s), display elec-
tronics and power supplii,.4• A a rpmovable frame which is
capable of being remov'•. rom the console and operated as an

independent unit fr . cojection on othec esei screens.
The contractor P' mount a 12 inch by 24 inch viewing screen
on the equipv,-'vstounting par..:l left side (when facing panel).

It shall :( the responsibility of the contractor to coordinate
the r 1'0sed console design with the Government Technical"
It'- aentatives prior to the start of fabrication to insure
$patibillty with intended use.

3.4.4 System Desiln

The Deformographic Storage Display Systýv-qwipment specified
heroin shell be designed and constructed %,*In& good coiner*
cial standaids, using the following as a gu8tde

(a) FAA-G-2100 - For the entire Deformographic Storage
Display System

(b) FAA-G-2lOO/lb, Section 1-3.3.11 Condiion S wehe
seasured at. the hIgbest noise level at a distance of
3 feet from the exterior surface of the equipament.
for ambient noise using curve of fig. 12.7. page
375 In Acovstic .- For Audible Noise.

(c) FAA-R-650-003 - For all VIre wrapped conmectione.
(d) 1IL-MTh-461, Including Notices I as& I *For

ceoducted and rvadated interference.
(a) NSA 6"-S - For maltilayer printed wiring boards.

The comtractor smy ase extieg designs or desig precticee in
this evelsattee qruipmost dwich may differ from the referenced
guidelines.

3a•4.4. Pveyonnel safety Features

*The f•efevmesf psp ¶toraSe Display System shell be designed to
rrotect thv safety of rrs6iIe o P 9eratiMS Oad servicIng t0"
equipment, waing FAAM-Go21O as a guide.

-II-



3.4.4.2 Conducted ai~d RadiAted Interference

The Deformographic Storage Display System shall be designed
such as not to interfere with nearby equip'aent and as not to
be adversely affected by external fields. The contractor
shall set the requiretmnts of mIL-STO-461a ihNtie n
2 as a gside.

3.4.4.3 system Croundint

The contractor Shall specify any special grounding require-
mats and shall Include io bit design a grounding sysLam so
that there shall be so degradation of signal's between equiap-
ment due to cross-coupling through the ground systes. one ground
for A. C. neutral, and a second, separate ground for signal. D.C.
power, and chassis bond shall be maintained throughout.,

3.44.4Powuer Requiremaent

The standard design center value for voltage shall be-120 volts
(Reference FMA-C-2l00). The power coossinption In either the
Re-itoute or the Towr-Caib comfiguratien shall not exceed 2.0 [V.

3.4.4.5 -hiintemanee Aide

The Deforaogapbie Storage Display System shall contain main-
tanance aids (e.g., switebes, teot points, Indicators) to allow
detection, isolation, and repair-of unit faults. The desigm shall
emphasize the use of cinercially availabler teot equipment, tools,
and I iaturets for miaintenance aide and minimise reliance upon speatial
tost SqALFpnet.

3.4.5 Spiecial Toots and Toot toulyment

It required by the Contract the oistrector shall Submit for -Gaenera
met review sand approveI a comlete list of Special tools sand test
equipmet,.the applications of each, ad the miet or oeaporiemot for
Which'it IS Yn4d5ir.d. 'This shell be-submitted prior to fabrication
or prouremt of my special tools sad teot equipmnat felt ee at
Goemriet facilities. The design .ft the equipment shall be meh
a* to permit the mee of standard tools, med toot equipmet imear~
aspractisablA.

A-11
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-3.4.6 ,Standrd Test E~qui•'nt_

The contractor shall provida a list of standard taet equipment

which will be required. as a minimum, to maintain the system.

3.4.7 CLle.

3.4.7.1 Tnxtallatlon Cables

The Deforumographic Storage Display System Isatallation Cables
shall be supplied by the contractor. These cables shall
include the cables needed to inRLrconnect all units within
the Deformographic Storage Display System, all cables required
to Interconnect the Defocuographic Storage Display System with
the PDI-8 computer e.ad with tha power sources at the site,
and all other cables required to properly install the Deforso-
graphic Storage Display System at the site designated by tie
Contract.

3.4.7.2 Factory Test Cables

If cables are required in addition to the iustallatiou cables
specified in Sectios 3.4.7.1 to factory test the Deformographie
Storage Display System thete cables ahll be furnished by the
contractor.

3.48 ' yovtcoilna

A provisioiang comfereaes will be called by the Coetretiag
Officer within thirty days after receipt of the rocammded
spare parts list' specified ia SosUee 3.6.10. At this mgo'
fereace, spare parts requiremtsa shall be diseseed Is det•Il

] A-12
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with FAA personnel. Within thirty days following the confer-
ence. the Goverment will specify the quantities of spare parts
to be ordered. Delivery of the spars parts shall be an nego-
tiated.

3.4.9 Mean Up Time and Mean Down Time

3.4.9.1 Mean Up Time and Mean Down Time Demonstrations

The Mesn up time and Mean down time requirements are not
sUbject to tests or demonstrations, but must be considered as
design goals in the design approach and the quality of materials
and workmanshtp required. They do noL constitute a varranty of
any kind.
3.4.9.2 eaa Up tTime

masn UT Tim (XUT) is doftned as the mman time to failure of
the equipment, gives that the equipment is operating in accor-
dance with the requirements of this engineering requirement
at time zero. The NUT for the equipment, excluding aoncriti-,
cal composents such as indicator lamps, mechanical asseu es,
etc., shall be at least 1500 hours. The cathode-ray-tube
(Deftrmogtaphic Storage Display Tube) replacement HUT for
reasons of catastrophic failure or decrease in performance
below that required to seet the requirements of this engineer-
Ing requirement shall be at least 5000 hours. - The projection
l, MilI shall be at least 500 hours.

3.".9.3 eanD

Mo Down TIme MM?) to defined as the mes time to effect
SImiim repar sufficient to restore the equipment to opera-
tiom in accordance with the requirements of this afenlgeeril
requirement. The MDT of the equipmnt shall be one hour or

3.3 DefoEMs•trhc Storazm Display System Perforfmace

The performes. requir-mets specified heretn shall apply to
the beformographic Storage Display System when displylng data
written emly own, measurements to be takes within 10 nisuteo,
and measred under the following esmttUeses

VA-1
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1.) Input data is supplied from a FDF4& computer over cables
50 feet io length.

2.) On a screen with a* 30 inch by 3,0 Lnch usable display area.

3.) Using one Deformographic Storage Display Tube (DSOT) with
its asaocia~ed optics, light source and eleccroatco on an
individual basil,

4.) Using a specific black and white schiliaron stop selected by
the contractor.

S.) Vith all equipment--inclu'ding filters, safcty features.,
eto.--in normal operating positions..

6.) Hbasiurements. of brightness, line width and other related
pusmeters shall be made in a direction patallel to the
optical path at the center of the viewing screen using a
11odel 2020 Gamm Scientific ?Mbotmter With microscope, Six
sit aperture and 2.5X magnification, or equivalent. All such
measurements shall be made with 6 foot candles of ambient
illuamiation, on the viewing sccress as measured with the som
iastrumenaution by using a suitable lerbotiaa reflector held
flat against the screen.

3.5.2 Measureiment Techniques

TMe contractor shall provide a proe6 r defining the measurement
techniques to be'used to measure the dizplay parameters 'specified
bereis. This procedure shall define the measurement equipment,
test conditions, and test patterns to be used. Ifff-1669, Rev. 1
shall be uood "s a guide in preparing this procedure. The procedure
shall be submitted to the FAA for review sand approval atý least 120 days
prior to acceptaeae tost. The FAA will review sad commnt or approv
within 30 days after receipt of the procedure.

in developing this procedure the contractor shall consider the
"so of Cove.mnt owne waesurememt equipmeat at XAFZC. If
information concersing this measurement eq%1spmct is required
the cootractor shall request such laformation in writing from
the Contracting Officer, The Controating Officer will arramem
a meeting with Covmen:a technical represenatives to supply
the required informationt.

3.53.1Required Display- Data Iiatjuess

TMe Deformographic $&Ooeae Display System shell be eapabla of
displaying data at a brightness of at least fifteemt foot
lamberts at the ceeter of- the sereem.



3.5.3.2 Brightness Control

A brightness cnntrol(s) shall be provided to enable the brightne.s
level to be a,.justed f:rv. lull brighti•..ss- (Lection 3.5.3.1) dorr, to
one-eLghth or less of full brightness.

The control of brightness shall be uniform over the entire viev-
ing screen for all settings of the control(s). That Is, as brightness
to lowered, all displayed data on the vieuting screen shall be dimmed
uniformly. Also, focus shall not change during small changes of
brightness. Brightness levels shall not be affected by varying condi-
tions of display data load. The brightnchs control may be inpie=ented
to provide discrete increments of brightness &ad, if so, there shall be
at leaat ftear discrete levels.

3.S.3.3 priahtness Variations

Mesured brightneses varlations over the entire vieving acrees
*ue to all causes shall not exceed 60 percent. Measured brightness
variations shall be defined as:

3 max " In

x 100 % 2 of brightness variation

where: a max a Maximmm brightness reading
Smi - Mtinimnmm brightness reading

Measured brightness variationa between and vwtain characters
and vectors shall not axce.o 40 percent over a distaece of three
inches or less anywhere on the screen.

3.5.4 Contrast Ratio

Contrast ratio is the ratio os the brightness of an element
of display data as compared to the brightness of an area,
adjacent to the display data, or:

Brightness of an element of digslaw data
Contrast Ratio In ckground brightness

The coettast ratio shall be sixteen to es or greeter. The peeular

reflectivity of the viewing ereen sha1 be lst them GI.

3.5.5 019l8 color and Shades of 2raW

3.5.5.1 0iAsley Color

The followi• optial stops shall be provided fee tah kfotm.-
graphi Storage Dirplay Tube to permit display of the Indicated eolsere

a.) Slack and white (shades of SrAY)
b.) Deoeth of nodtlation two-coloc: Red and Cecen - three sines
a.) Spatially polarized fourocolort led. Green, Tellew' sad

lluish 'ebite .ý tve iseutteab staeps

The eptieal stops Shall be asily lateeheepable.

7- -7 -..77. 7-.7 .--. -.



1-

i. 3J-5.2 _Shades of C;ray

W hen displaying data using the black and white optical stops
the display &hall be capable of producing six shades of gray
an the viewing screen'.

3.5s.6 Line Viidth.Resolutton and Spot Growth

3.5.6.1 L-ne Width

The vidth of a single line mesaured anywhere in the test
pattern of 3.5.7.1 shall not exceed 0.040 inches a'r the 50 percent
brightnes points.

3.5.6.2 Resolution

A pair of lines on 0.035 inch cantera shall be resol.able any-
idwre on the vieving 'screen with at least 20 percent modulation,
Where:

% noftlation - ! m - x rin K 100.

and Z mam - mximum brightness reading

a Ulu - minimum brightness reading.

3,1.6,3 Soot Growth

The ratio of the mmimum to sinisum line width masurer anywhere
ti the test pattern of 3.3.7.1 shall not exceed 1.4.1, with 1.3.1 as
a design goal.

3.357 Linearity and Retltration Accuracy

3.i.7.1 Linearity

Linearity ahol. be measured using a cross hatch patters consisting
of nine vertical and nine horlzontal lines which are Lntended to divide
the full usable vieidug area into 64 equal squares. The heiLht end
vidth of, my square shallI not very by sore them 0.15 inches from one-
ei4hth Of the heighL Md vidth of the full usable aea.

3..7.2 Bwite Reuistration AccuracY

A block of data to deflned to be a artmp of ebareaters, SYmboloInd/or vectors, contained within 'an area of 30 square inches or loess
all of which are vriatte sad erased " a group. Wiem the f•llowing
three steps are completed, the date is step a) shall be vithiL 0.030
inches of the positions of thel data in a@tp a)s

a) A data block shall be rittu•r Is any po.1loam oa'the saeemn
not occupied by other daca.

b) This das block shall be selectively eraned vitbout 'my other
data beals added or deleted frem the esema.

e) The sm data block "hall be rewituse wt the ewm eenmded
"positln as to step a). *A-16
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3.3.7.3 Ove-wm ie Reistration Accuracy

WNhen two Identical data blocks are written at exactly the sare
coemanded position with no other data being added or deleted from
the screen during the interim, the rewritten 4ta shall register to
-within 0.030 inches of the original data.

3.5.7.4 Selective Erase Accuracy

Referring to step b) In 3.5.7.2, the selective erase pattern
shall be conanded to cover an area extending 0.15 inches beyond all
sides of the data block to step a). It shall completely erase the data
block without affecting any data that to outside the data block by
0.30 Inches or more.

3.5.7.5 Rezestration of Two- DSDT Images DEIXLM

lbae Identical test D%1XMj_ Dan '!.5.7.1. are written
4 -i"' DEIfl -M .,m& configuration, the two image* shall coLn-

4 • W " tu o 0.30 Inches at all points within the test r4ttern.

3.3.8 Dil; cy )4aanlfisation

The optical magalficeation of displayed date (diagonal of viewing
scetsn display area dIvided by usable CRT dimter) shall be variable
from 7.5X mwanificatIon to 181 magnification. Adjustable magnification
for "eroan sses other than the fixed screen built into the console
shall apply only when the tube and its optics are removed from the
console, and hall be accomplished by adjusting.theo projection lens and
chaengIn the optical path length from the DSD? to the viewing screen.

S3.53. Jitter and Short Tern Drift

Na to peak short ters drift or jitter of stored, displayed
data suhll not exceed 0.005 Inches due my, internal source
of vibration. Drift and Jitter are deftned as movement of the
" diSplayed data position within a l-nmua interval.

3..10 Stabil-tY

9quipmuat stability, shall be such that the brlghtness, focus-
leg. ad otebr necesary esetroler shall not require edjuasnto owe
frequently tOne raekly to met perfoNasic roquirmenuts.s

3.5.11Coutertale

gleetrical heriontal smd vertical metn•erg centrols shll
be provided to cester the display. The controls shall provide a
ran of adJustsmnts suffleienc to peosl le the projeeted eleetronm
bein image to the enter of the viewing screen tien display center
coordinates are addressed. Display can •rpoTeitlen8ng shall not owe
mere than ~o-quart4r Inch from the of inal point of adjustmest
oaer a one-week period.

A-17
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3.5.12 Dinnlav Stor,-e

The equipn.ant shall be capable of displaying an image withouc
refresh for thirty minutes minimum while retaining at least 50?
of the oriin1 brightness. Dogradation in display resolution shall
not exceed ll.

3.5.13 Cv•'•r.t,:r 1cr.-ttoire

The equipment shall be capable of displaying the twenty-six
capital letters of tha alphabet, the digits 0 through 9, and
the twenty-two special symbols shown in Figure 3-1.

"3.5.13.1 Character Closure

Line segments of a character or symbol shall be closed or
completed to within 0.015 inch from the idealized fonts.

3.5.13.2 Character Positioninst

All alphanuveric characters shall be positioned to that the
center of the character corresponds to the overall X, Y position
command. The twenty-two special symbols shell be position such that

j A the center of the box drawn around each symbol in Figure 3-1
corresponds to the overall X, Y'posttion command.

3.5.13.3 Character Sie

The nominal values of the character les shall be:

0.230 Inches high
0.180 inches wide

, '*Maintenance adjustments may be provided to permit setting
character sizes to the nominal values. All characters shall have

• height and width (where applicable) vithis &1.€ of the set value
and shall not vary with time.

3.5,13.4 Character Specina

Center to contir spaoing of characters shall be programmble
in Increments of 0.015 Inches-or less.

/ 3.5.14 Itriting and Eresint of Date

3.5,14.1 .. ritInt Rate pn d Tinme

The system shall be arwibis of a witing rate of at least 20,000
Inclms/.c•ond at the 4ic:i,•' screen. The witing time per chniaetrr
sh.all rot oxcr.t It:-. -- i€iosec.nds., T!w trire ririred Lo c.clo adowJ..

Sr.1s.-, cval4 . !p, .-,;..- t-rit It".. ch.,.-ctcri locared .%djacont to each
oiLh-r Ahall nOt V:C.C:cd i'U nillivconds.

A-I8
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3.5.14.2 Erase Time and Control

The erase time shall not exceed 10 milliseconds per square
inch of display segmenc. Under electronic control, erare action,
location, selection, and repetition shall be perforued. Manual and
electronic flood erase shall be provided.

3.5.'.3 .. .rut •.,!ate

The system shall be capable of accepting at least one character

every 100 microseconds.

3.6 Documentation

3.6.1 General

The contractor shall provide all necessary services and mater-
ials to develop and deliver docuientation in the quantities and at the
time specified in the Contract.

All documentation produced or updated by the contractor shall
show the contract number conspicuously displayed on each document,
including drawings, to facilitate idencification and association
with the contract.,

Documentation such as instruction books, maintenance manuals,
etc. wbhich are in existence or in use at thi time of award of Contract
will be accepted if so specified in the Contract•. This documentation
shall be updated if necessary to reflect the equipment design at
delivery time. Documentation which is produced as a result of this
Contract shall be produced to good coamercial standards, using the
following aso guide:

A. FM-STh-01a
3. FAA-D-638h, with Amendment 1
C, FAA-STD-002, with Amendut I

3.6.2 Manaze~ent Reports

INothly management reports in letter fom c slasttng of the
following two parts "'all be submitted by the contractor 4urint
design, developmwnt, -.Ad fabrication of the equi4me.

A. Part 1, Program Status - A narrative of work progre•.S
during the reporting period

o. part I1, Problem Arean * A d~scussion end solution of
progress toward slut~oa of speWal problei areas.

A-20
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3.6,3 Ecutir-rnt ,oerattnn and mtntenzce Instructions

Tlw contractor shall provide operation and malntenance instruc-
tloa. cuctlanina sufficient detail to alloy operacion and maintenance
of the system by skilled engineers and technicians.

Thes instructions shall Include thte basic theory of all
unusual or uotw circuitry use" in the e%.uiT'.C, equipment litt-
cations aaid uarc.ir.gs, schlmatic dtagrw-s to the discrete conpone:nt
or Pacu"agd r0048l. levl, diitaIl interface details, a descriptiod of
digital signals through logic levels, voltagv and wavefors inforant~oa
Where appropriLae, and sufficient detail to allow comonent ceplace-

Documentation shall also inc.ude control raquirempnts, special
software sequancas necessary to the periorlanco of the DSOT system,
vire listsigs as appropriate for signal/circuit tracing, circuit
schematics ad' special Instructions for powr supplies, and other
OCH assemblies not manufactured 'In-house.

Docmantatioo shall also include mltatemeace procedures, main
tmnasce aide and alignment procedures for the optical *yetem.

These documents, In prelilinary form. shall be provided to the
FAA at least 30 days prior to pleaned or scheduled acceptance testing.

3.4.4 Acciptaece Test Mlea

Tas contractor shall su•mit a plan for FAA approval which eut-
lises the acceptance testing program recuired to demonstrate cam-
pliasce 9t the Storage Display System with all the requirements of
this enginoerinl requirement. The plan shall include but rot be
liLieid to the (olleviag:

A. The plan shall delfin the eo0trector's Quality 456m-
Svrsgram required to meet the requite-outo of Beatles 4

of itis epecificoliom. The rAA' role is the Quality Assuroaec
PNpas shall be defined.

. The pleasball provide a& oervew of *lI proposed teat
activities for all eqImest Te Overview heall clearly
identify all test activities required to deassetrate coa-
pliesci with the oailnoeriug requlreinst, list teatative
start and cewpletio dates, describe the objectives of each
test activity, list the test dim tatSet required, sad
delime ceetraeto W4d F# Vautieipatlem is the tst.
activities.

C. For each teot activity lidtitiod it A sad 2 &bra ,
Kthe lIA shall provlde a hecklist of tost reqvuLe-

maetta. The Areoed checklists 6%4ll1 be woed by thw
* coatcector to deleftop tnL eqiptI.AAt test pcoceduree

OWd dotes sheets.
f i dil ellAie



3.6.5 £•gupi-ent .kccepta&ce TAt Proc.•isres

The contractor shall submit test proceto:res for each test
activity defined by tme approved cost pla&i of Section 3.6.4
to the FAA for rCvLaew and approval. The test procceures shall
include lW measur.z.,nt Ltclniq~ua p:o-zc-ure of Scc:tioz 3.5.2.
and IncIude all CaL31l.b rlCCess4ay to ca•ure that ths testing will
satisfactorily damonstrace equipment co-apliance vith Lin require-
ments as contaiaud in this engincering rotaireistaet. Zach test sha'l
reference the specified reqtairtent includLog the paragraph number
an; tolerance therein of the envineerzr.4 requircment ar other
docu"Ontation for which the test is iPttnewd to dcmonstrate compliance.
The Contractor shall notify the FAA of proroses test dates for

contractor Conducted teats concurrent vitca submission of the test
*procedures. The contractor shall notify the FAA of final test dates
at least seven days prior to conductinrg the test. The FAA reserves the
prerogative to vitness tests and to recuire additional testing as may
be needed to show c=*liancs with thls engineering requirement.

3'.6.6 Test Data Sheets

The contractor shall submit to the FAA iest Dt&a Sheets with
the test procedures defined in Section 3.6.5. The contractor
shall subvit the completed Test Data Sheets to the FA after
complecion of each activity. Test Data Sheets shell be
complete with respect to all tests specified in the test
procedure.

3,.6.7 asg~

3,.65 Site Preparation p1ctification

The contractor shall subat a Site fteperacie Specification isn tetter
fdm to the FAA. is advance of the proposed site Lstallation. The
Site Vreparation Specification will be used op the Covermeat to
prepare the site for installation of too. e;tractors' equipment
and to perfors necessary aervices not required of the cotroatmr.
The speifictacto. shall loclude bust et %e limited to the followtua:

4-•22
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A. Definition of power. physical space, and air condi-
tioning requirements to be furnished by the Govern-
ment.

I. Description of all Cequierd iod~ificationas t. exi*uL:ug
Government equipsent.

C. Definitton of cable and connector requirements for
the complete installation.

D. Definition of contractor's office equipment and space
requirements to be farnished by the Government during
the i•stallaoion and checkout period.

1. Identification of requirements for Government and

other contractor's services and teat equipment.

3.6.9 Installation Documents

The contractor shall submit installation documents to the MAA
prior to delivery of the equipment. The documents shall con-
tain all ueceseary information required by skilled technicians
end engineers to correctly install the equipment and initiate
Its operation. The docunests may be selected data prepared
under other documentation requirements or previously prepared
for Installation of like equipment,.

3.6.10 Spare Parts List and8 DSWFSpares Support

The contractor shell provide copies of an inital Spare Parts
Ust contaising those items the contractor deem necessary for
the continuing support and maintenance of the equipment for
a period of not loes than one year. The comtractor also shall
provide gfor Usr ( C.# teplacrents.
3.7 Services

3.7.1- Installatio Katerials oearftcol

The Csmtmeste sdall I"Lahl.
debug, and test the system at the facility designated by the

oCverment. Installation power viring shall be in accordance
with the rcquircneuts of the rules of local viring coies end
the WatiotsL Liectrical Safety Code. lnstallatlio materials
furnished shal Lbe Underwritere La4boratertesr le. approv.
type.
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3LL.7-1 .L~otnf"Services

The contractor shall provide hands-ou fatliarizatlon and informal
training to a small nu•ber of FAA technical personnel prior to final
accertcnce testing. Tnis shall be conducted at the contractor's
facility for -. Jrposes of uncerstattoing the special. uniq,,e, non-
standard operat.an, alh;rt., .oatuare controj, set-up We. L-2in-
tenanco requireri.Lnt ci the DSDr sysrca.

3.7.3 Coo-eration and Coordtnation

The contractor shall particlppte in eetings and conferences and
exchange toecnical data relating to tI,* equaprout. performance and
dcsigs compatibility vith others as directed by the Contracting
Officer.

A-24
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4. Cm'AL.•" ASS'.'L:CE PROVISIONS

4.1 General

The Storage Display System shall be casted at the contractor's
plant prior co shlient (factory acceptance ctsts) and after
installation at the Government designated site (site acceptance
.tests) I& acoodsae with the
approved test procedures (Section 3.6.5), and coopliance there-
with shall be demonstrated. All acceptance tests shall be
performed by the contractor and 'itressed by the FAA. However,
the FAA reserves the right to valve witnessing of the coaplete
acceptance tests or any part thereof. If FAA vitnessing of
tests is valved, the contractor shall furnish certified test
data showing the results of all such tests. In any case,
factory acceptance by the FAA.wll not be made until test datao
certified to be true and correct by a properly authorized
official of the company, and notarized, has been submitted and
approved by the FAA. Periodic design reviews shall be held at the
coatractor's iscility beginning 30 days afcer omaLract award.
4.2 Acceptance Tests

'4.2.1 General

The contracter shall perform factory acceptance tests &ad site
"aC.eoems"e tests to den tstte
that the eqvi xsest fully seats the requirements of this eifni-
neering requloment. The contractor shall furnish all equip-
ment and test programs, If required, necessary to adequately
test the Stor •ge Display System. Government-furnished equip.-
meat will not be provided for factory acceptance tests maim
so stated by -he Contract.

4.2.2 FactOr 0Acceptance Test,

Factory accs .aace tests shall be conducted In accor c. wirAth
the approved .et procedures (Sectio, 3.6.5).

4.2.2.1 Nit: tyr Control tlesectto"

This lnspvci •e shall lnclude all checks. ad tests doemed
necessary to seerLstlm that the oquipmeat mrwas te.4 eorsw
cial standard•.
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4,2,2.2 Pactory ACCOetxec ftercife

IMe Storage Display Syste &ball be.mrcised for a inialimu
period of 24 consecutive hours after cowlatios of the Factory
Mcceptame Tests.a Waatestame scebdulia for thin factory
acceptance exercise will be determine whoa the FactorY
Acceptamce Tests (Sectiom 4.2.2) ane completed amd Teat Data

ASheeAt. M* stted.

4.2.3. Site asepatme Twot

Sit. accepiame tests shell be candmated by the osatractor
after Installation ad shall cosista ci all toots. mecifled bry
'the SpprOvd tast Prcesadree (Section 3.6.5) or other teets as
required to ohm. oa"Usmas With seucifiedrem ma.

4.3 Valuteamc ReCUARd

Owl"s systee debvggi vrior to aed dwrlSu factory sod site
eceeptSOO tests an infers" ul iatemsoe beg which liets
mnkfties, their locatioa In the systemo ad how they nro
repaired Owal be kept.* Odd situationse such as casee im
vhIch malfncioeme disappear for reessm met clearly vader-
stowd, *hell also be recorded.* Three copise of this record
'@hall be furaished to the Cemerecciag officer at the cowler
tiese of alto acceptmce teats if required. otherwise at the
comleciftatc facto"y ecatac teats.

4.4 lasectim of beeiLi sIM Fero carim stow@s

up"e request from the FhAA, the contractor shall ad wlaiicle
tog rewimw at his facilitiec, at so stag of the Cestret*
all isfferecis ressrdiag tht dele sid feriAtise statta
ad the equsom" being meadotared to this Ongiaiese-ia

req~ira 9  amept t erapgoiets do"e.

4.2 skim al ihaln o mae

btilf ietAm a O w ~in fe, oapmeebadwehl be m to
teComaetraieg Of urn aseit "mofma ft prmie p as

eirdlaspectsiec Gzart deae.

4.6 Vaciwtia fo m aeto

Teaes trfetee shall prowl"e fee as e mseO M*M Za"paeter
a desk (with leek), a typow.itewo ON c taispbef (located
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at the desk) for official business in connection with the
Contract (COet of long-distance calls made by che Inspector
to be borne by the FAA), and sufficient vorking space to
perait him to perform his required dutie adequately If
required by the contract.
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PW4/0=INMfFACR

A.1 DISPAY COI4AIE WODS
IM W-4Computer controls the OW display by transmitting commands

-w its 12-bit interface to the display. The cammmads specifr pertinent
-e-1t1o1 iufom timi and define the symbols which are to be added to or

deleted from the display. The various types of 13-bit command words and
their bit contents are sha In Figure A-1.

SoIk ommd words are composed of op-code bit& and data bits. The
mest. significant bit of each commnd word is used to differentiate an
ap-code word from a data word (a 0 defines an ,op-code word). IMe neut
mist significant bits In an op-code word define the type of c~being
tzmansmitted -- either character, vector, ",op branch or control. The

Vaious types of commads are considered Individually below.

LA.1. OIAXACTU COMOW
So character comme is used to specify randmily placed characters

to de display. It requires the treasmitta 'Of three words -- the first
ONVA~aiang the op-code and character cOde, the second the I position of
do chmacter, mand the third the Y position. The I and Y values define
09 coordinates am the CRT where the center of the chaacter is- to be
placed. The character selection, is mae based on the charecter cede
bits.

10m charaters'ae being displayed on a berissmew Ur. Is t"Pe-
Witer btshims.omaly the firs T" U-bit wafts of the demeae einsd
sombe transmitted once the line value MT has bean established. Ik.

dslywill stoew and maiatin each Passanter. such as T peeititim vatt
tha paraeter to ooanded to ohm" by a rdSWqMem data word ef the

-we type.
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A.1.2 VE&CTOR SOW
noe vector COMad is used to constiuct rsadanly placed single or

shamod vtctors. The specificatims of vector starting points require
tdo trusamitta.1 of three words, however vector md points sand chained
Vector require five, wds op-cede. X positions Y positioms w.
AT.

Us construction of a vector is begua by defining one %ad point via
the first three vector cinmmd w ord . The op-code word with the vector
start bit sit to "I" is transmtted plus the I and Y psositional values..

mewver the vector stat bit is- sets the bern morewi will be blanked
nd the AS mad AY values seed not be -r-site. In respomse to these

eOn - mrds, the display positions the been to the prope: Inorinte.,
as the CR.

b actmally dM the vectors the ether vector ead point is defined
using all five words. The bus Is vmblsaked sad moves to thenewsead
point at a constant velocity .- thus comstrwctinA the toodend vector.
Testwr am be chained together by mutiuuiosly Specifying amn vector

mm oin1ts Came at a time) usen" the complete vector comma of five
we& U1 sad AT we the arithmtitc fEPece beWtwe-a the mad coord.

imamb en the starting coordinates.

hSU emoe CMnge me acum, M the displa.

A.1.4 NAM CORMeW
Usatmik Cane cam be Ued to -ms the displa to j~to another

m6"Im of NpW4 Boom sad to aStIeN me"s"" displa "Ped words
"atrtiag at the amw "bee". she amc isfO " Sao" of 12 bits
ilbitawesteIe womrd 2ofthe*man&MAthe NM iPifLSer
at OS 0"a"e "btmm MW*' is Staii In Word I.

A.l.S CORML COMM I
ftis eemoo 1 iso" to eithmr oft tus latmaity leel so the displa

-~ ~ ~ M to ~- OPeStIUSm. Oft &M& bMU WO pMide ft WASWlm
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either. operation. A. logical 1 in the eras. data bit associates the
6 bits with the erase operatio.; likewise, a I In the Intensity Data
bit defines the data as intensity controls.

A.l.5.l Bras.
Soe NU Iin the 64-bt data field being set places the display to

a selective erase mode., In this modea subseput vablanked beau motion
am"s symbols in Its path to be erased. A different Control Comman I

mot be transmitted to reset the selective erase, bit Ahm leaving this
made of operation..

Mhe seccad most significant bit being set places the display in the
flood eas* mode. to this mode, the entire display area is erased -- either
Comletely or partially depending an the duratiam of the erase pulse. The
last 4 bits'of data define 14 levels of erase duration according to the
btllowing convention: all 4 bits being 0 gives the maximum erase, period,
*Ue all bits set to a 1 gives the minimum erae, period. A single flood
on"e action will oseack time such a commnd is issued.

A.l.S.2 Int~ensity
Use sis -data bits, we used toe frovides symbol Intensity levels

Using the following convention: the all wsee value Pma the Intensity
eN.o Wkile the all ones value select the maxium Intensity. Once an
Intensity level is established, it remains active wiUt a subsesueat
ntensity Comand is issuead to chep the Value.

U"s eustrl commad Is used to traewit maltiples C" selaeisamse
bea settling time delayse and chuaere Siue selections to he disway.
fmw &Ut bits awe pzovide to suplumt the selected famatis as
deeRibed beow.
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A.I..1i CRT Selection
Ibis the display system uses ame than one, CRT It Is necessary to

rafe the symbols to the proper CRT. This Is accomplished by the 4 bits
Of d9At GS follos:

Sit 1 -CRT #1 Select This bit. being set routes all subsequent

ata to CRT 0..
Sit 2 - This bit being set will route subsequent symbols to CRT #2.

* 'Ut 3 A4 -Spa"..

If 2either Sit 1I ot 2 is sets all subsequent symbols will not appear
am eitbar display.

A.1.0.2 Positioning Delay Selection
Us 4 data bits select the smt of "settling" time allowed to

pesition the beep prior to construct ing the requested symbol. Wken
anl these bits are zero, a randmm positioning delay Is selected that Is
adequte for my deflection Over the entire screem.

*Ut. I 1/2 Screom Delay - Thi delay cmn be wsed to save time if
t~ position change between symbols is leos thin 1/2 the sre
globh In both axes.

at2- 1/4 Screen Delay - a i allows additional time savings fa
daflections less, than 1/4 the screen width is both axes.
Mt 3-.Nt used - motalwaysbe 0.

at4 Type Wde Delay - Tis bit beob& set causes the'saaimm
petiftiiag delay. It Is used betwee vaeesve characters en
a typevuurme lime.

£1.L3 Character Size* TheM 4 data medifter bits we used to Welst
am of 2A ohmeter sixes accouding to the following %Wmvntien: all
4 bit beimg a select the smallest chearater sise. *Usl all 4 bits
being 1 select tde largest ohmmecter aie..
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A.2 DATA TRANSFER METHOD
Use PCP-4 used two methods of data trasfer to commuicate with the

MDT display. The first method is called Porgrammed Data Transfer (PDT)
aed Involves control information being sent to the display directly from
the POP-S accumulator. The other method, called Data Break Transfer

(S)Is a higha speed direct meozy access approach whereby the display
ftesdata directly from the POP-8 amemry as it requires it.

71e computer combines both of these methods to effectively transfer
eidwords to the disp ley system using the Interface lines shown in

Pigure A-2. The operations nvxolved In a typical transfer are described

Ose the comuter has new data to be vatpt to the disLay, It
Oint~utsthe requir ed sequential display cimmAn words. The wombs

ar stored in list-form in a block of POP-8 memoy. Won the list is
GOlete* the data transfer to the display is ready to commnce. The
trosfer of the actual display commnd words takes place using the Data
Break method. Hoveverq the comuter initiates the transfer by sindin
Ims 4Propisd Data Transfers It* the diSplay -~ one specifies the starting

resof the data list mad the other specifies the word count. The
disply Sons*$ all programmed data outputs using its Device Selector

fction" to select the particular ones addressed to It md'to reject the
oters. Whon the proper device address coopare results, the Device
Selector accepts the data from the P098 clao and loads. it Late
00 *Mapprprat* counter -- either address or word. Vkm bofth cout vrs
hev bean loaded, the Interface Control logic is metifted d the Duat
Beaok Transfer operation is ready to begIm.

Soe dsplq semids 12 bits of address (thee. received ft.. the FM
amd raises the Break Request sipjal to the 0624 Sweak Interface. it

Ale. holds the Tresfer Direction and Uing* Cycle Interface lionesin
"the PROPer state to came as at Irmastwfetr thes9-S V In the
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single cycle mode. When the POP-S is reedy to service the Break Requeost,
ft store the umoroy address ftv. the display. Issues the heek State
end Address Accepted signals, aad fetcbes data from the requsted umory
locattom. When the POP - has stored the accessed data In its Ninmry
VA&%r Register, it issues the NMI1 and V335 pulses to signal the display
that the requeted data is available an the Nr~y Duffer Data lines.
Use "ilay incremnets Its address cointer, decrements it~s word cociter
an stores the data in a 12 bit data buffer register. The first word
received Is an op-code word. which is imdiately processed. The display
dues not zeset the Break Requst signal at this time; it is held active
to request snother amory access from the POP-8.

goheop-code word Is processed by decoding the op-code and routing
the remaiiaing bits to the sppsopsiate register: character code. control
Und 1 or control word 2. The no-ap commad Is not routed to ay register
and therefore it does have my effect an the display. The op-codes for
the maltiword commnds wre stored In the op-code decoJer and used in
smajunction witha a 2 bit counter to route the data words which follow
to the apoiate register: 1, Y, LXI, AY or address.

___ beak Request signaloein active and the display cantinues
ft hutch buffer, route end store data words until the Interfacs Control
lqee smases that all the data words for me character or cne vector

iidhave been received. The display kmis zhat .it hW. received, all
the Words associated with mse ommai Whom it tease that a .As"eaet
ar-soft word (detectable as 563.0) has been stoxed In its data buffer.

s display teoporrily heids the ewseqmomt op-code word In Its Data
eniw a does not process it muti the previous comman he been

amwaed. At this time, the laterfece Castro! logic reset the eeak
ftqst Sipnal to tagmrss'ly 4=W ntý the data f1.W Mi it then US-.
MSel the dislay to process the character or vector comman. 7Me display
enters the busy sutoatend Processes the em.an. Aen the cmin Mes
bees empletedl, the dislay lesoe the busy saute sd the Iteraem
Caftol logic is again enabled to fetch wards hrm t~he POP4 &-A..~
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e krnch, Catrol Word 1, and Comtrol 2 ccds we processed Lmndiately
mad therefore do not requln the display to enter the busy state.

The display coutinues its proccesing. one commad at a time. umtil
the lterface Word Couter decusen.il to uero. Them the laterface
qereaton ceases and the d"play generates a Propsa ZIterrupt to inform
the PP-8 that it has re" sd processed all of the specified data.

A- 34
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The purpose of this Technology Note is to-list the device
technologies that are presently being utilised or considered
to produce displays for alphanumeric and graphic portrayal
of information forms pertinent to a terminal (tower) information
processing system. In addition, where applicable, the extent
of the applic&tion of the technologies to available devices is
described, and an indication of the pertinent performanCe
levels is included.

The sources of informtion include published advertisements,'
publishb.d technical journal papes. measurements directly on
devices, demonstr.ations of devices and/or technologies.
technical discussions with industry and government engineers.
and reference material from texts.
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The following list enumerates the basic technologies that have been
reviewed for possible application to the flight data display program

for towers and TRACONS:

I. Direct view cathode ray tube

Z. Projection display from stored image
3. Direct vie-' mcchinicdA
4. Direct view solid statc
S. Direct view gas dischargc (pl'Nar.,)
6. Loser scanned projection

I. Direct Vie.w Cathode RlAy Tube

Direct view CRTT ' s comprise the i.Lrgest groips of dli'play
device types in us. in the FAA. Limited size and shaipe conf;gura-
tionq are avail.able. and special sies, rouaid, squ.,re, or rect,,ngular.
are withiji the technology car.iability. tip to a tl.-meter of '36 inche..
Hi1gh radiu. of curv.,ture (fl.1t tube) reqjire-iments limit the practical
siAc to a Z0-incli (viewah•h) diam,,-t-r for sifety ;p-,rpos4s. Dcvc'op-

mentb in front suarface trc.ttment, .in,i optic.,l iŽ:d.t, $ ilters pet: mit

CRT' , to be viewed. at adcquite htit r.•:• ircd pc' rfo an.,nce lc%-l , in
direct sunlight condititns.

The need to refresh ClRT's inip.,, a limit. ticn on : r.c r.;t
of dat. that c'an be displ;tycd or % ,lc aCAIT. annd the capabilityfor
data enhancement by the use of poplc(rolAtic te chnuteit-s tis not

easily nor ineipensit ely added.

Present costs range from ah-mit S1On for cc,nnvercial or enter-

tAinment type CRT's in qtiantity to $900 for specially designed CRT's
with specially designd. filters. These prices can expect to increase
primarily because of giss costs and the ha1gher costs of small

' quantitics (1000) for FAA purposes.

Improvements in phosphor efficiency. gun efficiency. deflection
"sensitivity, and spot slie can be expected in the near term when
coupled with specific requirements and development programs.

j Z. Projection display from stored image

a. Deformographics
b. Liquid crystal
c. Photochromic. thermochromic, electrochromic

___________



A. Deformographlcs

Deformographics display devices, coupled with a Schlieren
projection system, have reached a technology level that permits them
to display polychromatlc, high resolution, controlled persistence.
long storage graphics and/or alphanumerics under. diverse ambient
brightnesses on a flat tsplay surface that is nonreflective, inherently

safe. and unlimited as to shape within a practical display diameter
limit of approximawily 8 feet. As compared to a graphics AIN CRT.
it can display approximately four times the data with no flicker.

The only part of this device that is technologically sensitive
is the deformable tarlget. Over 150 targets have been assembled
into amall ClTA L.-,tIes by two different vendors in order to cstablibh
operational reliability and reproducitility.

The parformance level of the target is satisfactory, and further
scheduled development is well underway to produce targets for specific.
limited range. performance for individual applications.

Present costs for individual, multipurpose evaluatst3n consoles.
operating as stand-alone Intelligent termindls are probably in the
$100. 000 to $200. 000 range.

Near term displty system costs in production quantitieq are
expected to be ia t Le $10.000 to $15, 000 range.

The actual(in quantity) costs for the two main parts of the
system, over and above a CRT terminal, are

a. Optical system - $300
b. Deformographic Stoarage Display Tube - $Z50 - $300

These one-time costs are small com'pared to the overall
costof a display terminal.

The 150-watt projection lamp is expes.9-4 to cost $300-400
per year.

This display device, because of its versatility.. may be applied
as an approach towards a "universal" display system.

ai-)
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B. Liquid Crystal

Liquid crystal slides of approximately I to 4 square inches have
been developed as-light valves. A source of an image must be
separately provided, and the image projected onto the crystal.

No commercially avdil+tble dcvices exis! today, but many
are in the development stage. Resolution capability is expccted
to be very high but the device has not been evaluated to the degree
that would permit cven cautious optimism.

Because it would utilize a similar Schliercn projection systern.
it may be compatible with deformographics for ccrtaitn monochromatic.
high resolution applications..

C. Photochromic. "herrrmnchrornic. Electrochroinic, etc.

There are a number of technologie, tha.t have resulted in
demonstratall, e devices that have had potential for ATC diý.plays.
The photuchromics. thern.ochromics, and cathodoclhromlcs are
CRT's with special storage coating% in place of the phosphor. The
&low re.%ponsc. slow erasure, reflecti•n infficicncy. and projected
contrast ratios have casc( theCse de'-ices to hic eclip:.cd by th
deformographics storage dikplay tube a:. an ivmtge generator.

Elcctrochromnics iO a oolid .t.tre vervion of a digitally controlled,
chemically coated, point adt'ressable array, which can alter the
reflectivity, or color, of an acdr.•s.sd poinit under digital cot.trol.

The image is projected by Schlieren. Schmidt, or other conven-

tional optical meruis.

A direct view display of electrochromies is also under consid-
eration.'

Prcjection displAy systems provide a particular advantage for

the air traffic control function. Even though the final display size
may be in the I-square foot to 8-square feet rante.

a - projection displays can be adjusted to provide irregular
display areas for optimum console use.

b - they can be adjusted to allow variable display size for
varying viewing distance conditions,

D-4
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c they can be standardized for multiple applications using the
same basic hardware.

d - they can utilize the best. highest resolution, highest contrast, etc.
(depending on requirements) image sources, even though the sources
may be severely limited in size due to manufacturing technology,

0 - they permit upgrading of the image source, as technology
allows, without major electrical hardwsare changes, and no optical
havdware changes.

3. Direct View hpchanicil

a. Mechav:ical projection., small scale
b. Passive. magnetic movement

a. Device development has been limited in this area due to
great competition from solid state dcvices. Multiple legend devices.
where percdetermined .issi !ixbtd form-atting it acceptable, can be

applied for sm;4l data dikpla,.

Where cost tnd Jsp.%e are prime ctinzidcrations, several
square inches can be allotted to one of a number of this ty;p of
indicator.

b. A recent development htab been in the area of digitally
controlled. magne.tically actuated. magnetic particles. By addressing
a small area. the paiticlde in that area are rotated to proditce a con-
trasting color. This has not been demonctratcd, but the concept is
under study by industry.

4. Direct View. Solid State

a. Light Emitting diode's
b. Liquid crystal
c. ,Thin film ( Elcctroluminescent)

a. LED's are commercially available as low cost, high relia-
bility. high contrast individual character displays. They can be
stacked to prodtec, arrays that have a practical limit only with respect

to the addressing technique that connects the LED's and provides data
control and refresh. For displays up to,500 character positions, practi-
cal devices have been made and demonstrated. The use of alpha/
numerics and TTY character fonts is restricted to a 5 x 7 dot matrix.
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They are very amenable to custom sized arrays, but the
smallest character size is approximately 0. 3 inches. At least
4 colors arc available, but only in separate characters. The next
generation of LED devices will be uslng doped GaP or GaAs and will
be able to generate four colors under digital control within a single
character.

b. Liquid crystal devices are beyond initial stages of develop-
ment and are being used for small character size displays such as,
cltck,. wrist \vatches, calculators, etc. They cannot be fabricatud
in p~iels larger than a few bquare inches. The high resolkition poten-
tial indictcs a future use, as an image control and light amplifier in
a projector system, which could be quite small in size. For the near
future, it i6 not an .,pplieahlc technology. It requires an optical
source at present for the information; however, their film tech-
nology dcveloprnvns (see below) havc baton successfully applied to
produce larger dot arrays, which appear to hold greater promise
tor aplilying the tccCL, '.ogj. The dot array con;cept places a discrete
LCD at a dlitallysele-re~d point as an electronically switched soot
that can avt as a contrnoled on/off light reflector. A/N are
pruduced on a matri, b.%,;ia. Questior. ab,..t life and failure modes
have not b-.i ;..atisf.,ctorily ;tnswrrrd to encour.age l.arger sized
displays.

C. Thin' film - Westinzh-ttse R,.-earch Lah-; have becn able'
to develop . mi 1hod of using thin filisi techn-oliogy on a glase plate
to deposit the control and drive circuits for a dot addresiable
display saytem in an area sn',ll ueo':gh to be covered by the
addressed dot. This appearts to solve an addressing and hardwrare
problem for panels of LCD or e Ictroliaminescent materials, which
are applicdalao using thin film t chniques. The addressing of'
portions of one million dots (for . 1000 by 1000 point display) is
still considered the limiting fact r tn practical digital panels. They
have demunstrated their techniqu s on a 6 inch by 6 inch panel with
14. 000 points.

S. Direct View Plasma

Plasma panels are manufact red by at least four companies
and permit displays up to ZS6 characters, or S. S by S. S inches in
the case of the discrete point address type.
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Owens-lllinois produces several sizes up to 8. 5 x 8. 5 inches
and appear to see a limit at 17 inches.

Burroughs produces many types up to an 8 x 3Z character
display, and a 12 x 40 character display will be marzkcted at the
end of 1975.

Control Data Corporation' produced a number of sizes up to
16 by 80 or 20 x 64 characters. They have also built, for the
Air Force. an 8-inch by 32-inch panel with a resolution of 33 lines
per inch.

Plasma panels presently suffer from low contrast in high
ambienta, but can be applicd as small p-ackage displays in or near
existiLig consolrt isn TRACON environments.

IOuestions relating to life and reliability still have nut been
adequatidly answered.

Multicolor types are not prmsenill practical, but developmv.. t.:
in several color technologies are o,:td-rw.ty.

6. Laser Scanned ProJ-,,L.on Sytc,•,v

At least two approaches are bring pursu%:d for utilizing the
high energy, small spot size laser beam to crcAtca display.

Several companies market a laser projector. which is
analogous to a large CRT without the glass bottle. A laser beam
is mechanically or eiectrically scanned to sweep an image on a
screen. This has proven successful but the size of the package
does not presently permit its practical consideration for smaller
display systems. It was designed as a large screen projector.

Similarly, a laser is used to scan, a barium coated thermo-
plastic film, which is then usecl in a'Schlieren projection system.
This can be packaged in general cubic feet. and may be a potential

* competitor for other medium and large screen projection systems.
This device does not reuse the film. but the technology exists to
incorporate a reuseable film process in the system.

Laser devices are not under consideration as small display
devices.

I
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Section I

The Latent of this proqurement is to obtain a DofDi Stora Diph toral

Display Tube (DSdT) yonsole 1 f5 7 the International Business Matocovhines

Corporation (Ia". This is to be a prototype consoic for evaluationc

puirposes. It will be applictble Ftde ral Aviation Adinstration's (F3Ai

eatfcren Aviatov Fection ofes Experimental Center tEQ to assess the

potential of such a device for use in tpe National Aorspacn S.stea.

The eupdeimest to be provided is described in the applicable sections

of tho "Engilecrin otquirement for f aebormowrphic Storheie Display

Systarvd (ER) dated May t, 1c974. ad ne the EA is written to cover various
configurations ar~d options, this work statcatt dofiacs the particular

requsretents that ire applicable to this .rocurc-.ent. Section 3 contains
reforeiqes to every -section of the ER and defines the :p-licability of

eatch provision of the ER to this specific procurement.

Section 2 defines the scope of this contract and A•ppendix A provides

a technical description of the interface betw'een the equipment to be,

provided under this contract and the FAA's PDP-8 computer which will be

used to control this equipment.
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Section 2

SCOPE

The actual equipment to be delivered unJer this contra•-k is that

describcd in sections 33.1 and 3.3.1.1 of the ER as further olwlineated

in the associated paragraphs in section 3 of this Statement of Work.

The contractcr shall be responsible for all design, development, fabrica-

tivi, chc:kout perfornmice testin2 and delivery of the equipment identified

iv, sction 3 horein.

CLrtiln other items and activities, such as spare parts, insrtlation

.r.x'ves a:td site acceptance tests will be provided by the contractor,

if reqj.:sstcd by the FAA in accordance with the provisions of section; 3
I*..i, 1. ~ut ;.t additionral cost over and above the basic Scope of this

0- anticipatcd 1.oriod of performaace is 270 days frcm contract

&wned La delivery at the NAFEC facilities.

mo
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Sect ion 3
E.I:WNI.E<ING RrviUl2U:04NT CIRO.s REFERENCE

The following pairaraphs define the applicability to this specific

procurce.ent of each individual section in the ER dated May 15s 1974. All

of th,' following refercnces in which the syibol "S' is used to indicate

a section number rtfer to the designated sections ,f.that ER.

51. Directly applicable to this procurerent with the understanding

that the ER covers virious configurations and bptions which may be pro-

cured at a latcr date, but this procurcment involves only a single con-

figusration 3,4d certain specific provisions of the ER as further defined

bc low.

?- 2.3.3 As %t.,tcd in the. il of the ER, tbh.;e kcuaents would

apply to any future procurement of cquipments for actual it'c in the

1:.tioa:il Airspace Systet. but are to b'e* "used as a g'uidle wlerever ferti'le"

ia this coatract.

52.4 Directly applicAble with the understanding that this Statenent

of Work (SO4) is a part of the contract referred to in (a).

13.1• Sane applicability as 51. Further definition of interface

requirements is provided in Appendix A of this SOW.

13..1.la This contract is for an En-Route Console Equipment con-

fig.':ation as further deflaned in reference to 13.3.1.1.

13.1.1.1b Not applicable to this contract.

i3.l.J.2 - 3.1.23. Applicability to this rontract is as defined

.jlntg in refer.nce to 53.4.5 - 3.4.8 and 13.6 - 4.6.

53.2 Directly appl.'eble to t'aii contract.
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53.3.1 Itens at. c and d are -ppilicible to the extent d(fincd herein.

item b is not applicable to this contract. Only an In-Route consolc

configuration is covered by this contract.

55.3.1.1 The Covcrnment Furnished Equipacnt reference.d in this section

shall be delivered to the contractor's facility with-in 30 days of didcct'on

by the rAA to proceed on this contract. The equipmcnt to be installcd

in tho console under this contract shall consist of the following:

1) One Deforwographic Storage Display Tube '(DSDT).

2) OCne light source and onn. Schlicr-n optical system.

3) The deflection drivers, video driver ••d crzse circ,2itl.y req,.ircd

for one DSDT.

4) C.u set of clectronics as Jefincl in su,.;-,"o' (4 i., th.is

st.ction o: tlhe ER.

3) Cac viewing screen a's eafincd in 53.4.2.

6) Thoso power supplies required for the cqutip.cnt defincd in 1)

through 4) above.

13.3.1.2 Not applicable to this contract.

53.3.2 Directly applicable. The ccntractor Is not required to take

corrective action (cxcept by profer i.pplication of the chanjes clause of

this contract) to circLzivent any discrepancy of tho Government's PUP-8

or its intcrfaces fron the descriptions contained in th!e referenced docu-

mints as provided to the contractor by the FAA.

13.4.! Only. thc'.Fn-Route cunsole configurati•n as further defir.d

:rcia is aoiplicablo to this contract.

13.1.2 (Oirectly .applicablo to this controct.

.3. A. i. 1ot applicai)lo to this proctirer•i•t.
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13.4.4- 3.4.4.2 No modification of existing designs or design

practices are required. Applicability is as defined in reference to SI.

3.4.4.3 3. 4.4.4 Directly applicable.

13.4.4.S Directly applicable. The PDP-8 is c'onsidered to be in :he

cateCory of "available test equipment'! mentioned in this section.

13.4.S O.utsidc the scope of this immediate procuremcnt.

"13.4.6. This requirement ms', be satisfied by providing a list of the

standard •test equipment used by the contractor in =intainin.1 this equip-

1Ueniit.

M 5.4.7 - 3.4.7.2 Directly applicable.

;3.4.3 Directly applicable with the understcnding that the actual

cost and procuzrement of any spares is outside the scope oi this procuremcnt.

;3.4.9 - 3.4.9.3 These paragraphs indicate the Mean Up and Downr.

Tires that the FW desires that equipment of this type will achieve.'

Howevcr, they "are not subject to tests or demonstrations" and do not

constitute a warranty of any kind.

M3.S -3.S.7.4 D)irectly applicable except for any referci,'s to a

dval-tubo configuraticn. It is understood that white all of the optical

stcps described in 3.5.S.1 will be provided, color is considered a poten-

tial grewth feature and no specific color performance is required, nor

will ally~spccial electronics to generate color data be provided under this

contraict. It is further understood that the phrase "written only once"

in 3.5.•..l does not preclude multiple scanning of data in the process of

.-riLia-. that data as long as the writin; rates ol" IS.S.14,4 are satisfte..:

but r:ather, 'is rcant to pretlude any refresh of that dazta as with a

con%'cntion.-.I phosphor C:RT.
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13.5.7.5 Not applicable.

53.S.8 - 3.5.14 Directly applicable, except 3.S.9 which has been

deleted.

13.S.15 The interface requircrr.nts of this equipi~mt wi:h the POP-LO

shall be as defined in Appendix A of this SOW. All proqramrring of the

PTP-S and other Activitics required to d-zfine zrd cpn'mrol the c',ta and

fcr.ti to be bi:p1~cd t~y this equirr.cnt aic outsilk t!.c sole of :this

prucurcront.

'3.6.l It is anticip•tcd thct t:te bulk of the dotir-cntation pre,:idcd

b,- the co:itr.i,-tor will be copies of', or derived frc-., d.acuLrntrs in c.kitcnce

at th," ti•e of contract auard. lhcrc:Kore, in cr,!cr to rcdu•.: th.xe t.xcnse

to the government, the pri.ary rc,;.uirx.-.cnt i. /:. t t!0cv Le :ea':Jble and

ubaI-Ie for the purposes defir.ed herein. Except as otherýýiae •.ated in
the Applicable sections of the ER or this SOW, delivery of --. copy of

,':rh required document shall be r..,12 .o later that. at the tiro et "cli" ry
oi the prire equipmcnt under this centract.

33.6.2 Directly applicable.

13.6.3 Directly applicable. TIhe datu intended by t.'e phras,,s
"ccntrol rvquireneuits. special software sequences necessary tc. the

1,orforr-nce of thz D)SD" sistern" is that found in Appendix A of t is

13.6.4 This plan shall be sub:.u.itted ..t least 120 da>!. prio to

th, :t--rt of Acceptagicc Te.tin!. Approval and/or cowu6nienrs will he provided
!sy thc FAA within 30 .I-y'i of receipt of this plan.

*. 4"S w. 3jn.d Tb'ec i,r,'ctdrcs and saiplie tret data sh.' t•

7hail le .ulkni tt0t At l.;:trt c d.iys trioi - to the ;t.irt of A..ccptllr.e

Ti . :.r.), :.r.! the F'\' r-s ,cn'.e. ,:itU r :,rprovinj ai c31 . , i. .'n h,?

t".•i.tc•ia, 'w.hinl be pdo',vyd ,itthii a
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f3.6.8 and 3.6.9 Directly applicable.

53.6.10 Th1is list shall be provided no later than 120 days fron

contract award. Uh- ac-.;,I provision of any 2nd all spare parts is out-

: ide the scope of this contract.

13.7.1 Instal:lation materials and services shall be providcd by

th, contrartor as requested by tho FAA on the basis of actual time and

".teriali, based on the man A-ay rates and other considerations spec.ifiLd

ia the cost portion of this contract, over and above the base cost of

ihis prccurement.

13.7.2 and 3.7.3 Directly applicable.

,4.1 4.2.3 Directly applicable, except that if the FAA elects

to aold site acceptance tests under the meaning of these sections, the

pcr,'.r::.nce of these tests by the contrac~or's personnel shall bc at the

-. ,n-. r:ates e-tablishb-1 by this contract and shall be over and above

L.,- bzsm cost of this procurement. Notific'ation of intent to hold .itc

. tc%:s shall be wade by the FAA at least 60 days prior to

4 lh'.cry of the ccuipmant.

14.3 ese records may be copies of informal notebooks kept by

the engineers and technicians in the process of system debugging.

14.4 mid 4.S Directl)' applicable, except for IE..l-cb-ncd prouii4,tary
d.tta.

i4.6. Accens to such facilities as are listed in this section will

, •'iird 'iat not necessaril: for the exclusive use of an FAA livspectur,

t.ie KOit destination shall be tlae .AFIC fac)litise at Atlantic

'"*z;.. "d.
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Appendix A

PDP-8/DSDT I.NERFACE

A.1 DISPLAY COMAMD hORDS

The PDi'-8 Co...putur cotitrols the PSOT display by transmitting co:., ands
o.0:." its 12-bit interface to the di:pl,. The co,= ands specify pertinent

ceoatrol iziCurnm~aion and' define the svr.b:Ols which are to bi- addcd to or

,:vced fircn the display. The various types of 12-bit co.r'.2nd 'ords and

.cir bit contents arc 'ho;;r. in Figure A-i.

11e comi.-nd w'ord- -are cm.-po.cd of op-c.de bits and data bits. Tie

r:.st ";ignificant hit of each cor'. !r" hord is u.cd to differcntiate an

op..:dc ,.otd frC.i .1 data Word (a 0 defries in op-co&• 'ord). Tho next

r !.t sig-niti-ccnt bits in an op-code , %(fine the typc of con'iaa.] l)ing

t~a:a;•ittcd -- either c!ai.,cter, výctcr, no-c", branch or cc.ntrol. The

various types of ccmainds are ccnsidered individually below.

A. I.L M ~ARACTrER CO.XMND

The character coza..nd is used to specify rando.mly placed characters

to th• display. Lt requires the tranr~rittal 'cf three words -- ' thecfirst

cc tainirgV tVic ,p-code ai;d charactcr cede, the second thc X position of

the character, and the third the Y iposition. The X and Y valuer, define

t!i.! coordinates on thq CRT where the center of the char.cter is to be

placed. The chart.crter selectinn is ,made bacd on the char.ctcr codc
h;ts.

11c,1 -h-,r.'ctir-- are "e,-,: dinplayed on a ho:'i:cntal line in ty'c'-

,iritur fashion, oaly the' first two !2-bit words of the c!t.,r.:cter :o...;mJ

necd be transmitted oncsr the line value (Y) has been entihli.lhd. The

di-play will store ani rairtain eachpar:.-.ter, .such ai Y position, until.

•*. ' .r-:r is tr.;.-x:)dcd ta i-,, a sub-h 4 uc|it data i.ord of th!

0. typo.

C-.



A.1.2 VECTOR CWMAND

The vector .:omwand is used to construct randomly placed single or

ch0iied vectors. Thle specification of vector starting points require

the transmittal of three words. however vector end points and chained

vcctors rcquire five words -- op-code, X position, Y position, AX and

AY.

The construction of a vector is begun by definiing one end point via

the first three vtctor coorand words. 7he op-code word with the vLctor

• !.t bit zet to "1" is transmitted plus the X and Y positional values.
Mihtever the vector start bit is set, the beam motion will be blanked

and thv tX and 4Y values necd not be trmnsmittcd. In response, to these
th-,:-. vordl, the display positions the beam to the propjr coordinatcs

-ý: CRT.

To o.ctually draw the vector, the other vector end point is dcfincd

.-.in! il! five word:. The bew is unblanked and toves to the ncw end

ioint ur a .cnstait vclccity -- thus constructing the co=aznded vector.

V,:c',.!r-' -n be chained torether by continuously specifying nLw vector

cud points (one at a time) using the complete vector command of five
worN. .X and AY are the arithmetic differences between the end cuard-

in., es and the starting coordinates.

'. .3 NO-OP CQrL\.ND

This' co.-r;.d '•u;cs no action on the display.

A. 1. 4 z.RA.ýCi W(.O"'XM

i. u Branch Cc.-m.i.dn can be used to cau..e the display to jump to another

,i"•ioa oa" P:i-S micryr and to ccntiaue accessing display ro~zond words

-t in, at the new address. Thc new address is compo'sed of 12 bits --

;t, ht.. a r ?nrcd in word 2 of the cormand and tho 'ast Significant
:,it ( ) a. c.illcd ",1r.inch High", is stored'in word I.

I 4()TROI. (I)rt.V:D I
l,a'L, co.ýns/nd ii W.Vul tn either -;4-t ttf. inte'lbity level ot the' dirl•', y

or tr. c~r,.-; aiid -n crate 4~uration. -iix duta hitS. 2r',i prvidcd to ;pilrl,,nt
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either opetr.tion. A logical I in the erase data bit ajsociates the

6 bits with the erase operation; likewise, a I in the Intensity Data

bit defines the data as intensity controls.

A.I.S.I Erase

The MHlE in the 6-bit data field being set places the dihplay in

a selective erase mode. In tl'is mode, subsequent unhlankedhbeana motion

czuses symbols in, iri path to be erased. A different Control Com-.and I

-ust be transmitted to reset the selective erase bit when leaving this

=odc of opt-ratioa.

The second -.o-t significant bit being set p!aces the displ.'y in thu

flood erase rodc. In this arode, the entire display arcai is er.-:,:d -- either

corp1'.ced!y or p:irtially depending on the durzti•'! of the erate pulse. -he

last 4 bits of datz define 16 levcls of ern-c duration ecccrding to the

,olltwing convention: all 4 bits being 0 givcw the maxiri-.• erasc pcried,

while all biti tet to a I gives the minimun erase period. A sinnIe flood

eerae action will occur each ti-he such a coimand is issued.

The r.ix dati bit- are used to provi'de 64 s)yrbol intensity levels

using the following convention: the all'zeros value turns the intensity

off, while 'hc all ones value %elect the maximu= intensity. O an

intensity Itvel is eitr:blished, it re-ains ictive until a subsequent

inten.ity co-and is i:sued to change the value.

A.I.6 CON'ThOL WORD 2

1-his control ccr-aand is used to transzit multiple CRT selections,

bc'•n cttlina ti-c delay--, and character size,-clections to tlc di.-play.

Four data bits are providcd to iupple-ent the selectcd function as

eesiribrd helow.

C-10
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A.1.6.1 CRT Selection

When the display system uses more than one CRT it is necessary to

route the symsbols to the proper CRT. This is accomplished by the 4 bits

of data as follows:

SitI - CRT #1 Select - This bit being set routes all subsequent

data to CRT #1.

Bit_ - This bit being set will route subsequent symbols to CRT *2.

Bit 3 & 4 - Spare.

If neither Bit I or 2 is set. all subsequent symbols will not appear

on either display.

A.1.6.2 Positioning Delay Selection

The 4 data bits select the amount of "settling" time allowed t(,

position the bean prior to constructing the requested symbol. When

all these bits are zero, a random positioning delay is selected that is

adtquate for any deflection over the entire screen.

Bit • - 1/2 Screen Delay - This delay can be used to sa5v3 tine if

the position change between symbols is less than 1/2 the screen
width in both axes.

Bit 2 - 1/4 Screen Delay - This allows additional time savings for

deflections less than 1/4 the screen width in both axes.

Bit 3-N•ot uied - must always be 0.

Sit 4 - Type Mode Delay - This bit being set causes the minir=u.

positioning delay. It i's used %etwein successive character&s-n---

a typevritter. line.

A.L.6.3 Character Si:e - The 4 data modifier bits are used, to select

on" of 16 character %i:e% ,c cording to the following conventioni: all
tbit% being 0 :.elect the srall•st character size, while all 4 biti

being I select the l.zrýest ch.r"ctcr size.
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A.2 DATA TRA:SFER METIIOD

The PUP-3 used two methods of data transfer to cormunicate with the

DSDT display. The first method is called Porgrammed Data Transfer (PDT)

an.d involves control informamion being sent to the display directly fron

the PDP-8 accum-ulator. The other rethod, called Data Break Transfer

(DBT) is a high -speed direct memory access approach whereby the display

fetches data directly from the POP-S memory as it requires it.

Tho conputer combines both of these methods to effectively transfer

command words to the displiy system using the interface lines shown in

Figure A-2. The operations involved in a typical transfer are described

below.

Mien the corpitcr has new da:a to be cutput to the display, it

constructs the required sequential display cominwd words. The words

are stored in list-form in a blcck of POP-8 cemory. Mhen the list is
ccplete. th•o data transfer to the display is ready to co.w•ence. The

transfer of the actual display cornand words takes place using the Data

Ereak method. ,tow'ever, tht computer initiates the transfer by sending
two Frograrj-.cd Data Transfers to the display -- one -.pecifies the starting

address of thedata list and the other specifies the word count. The
display senses all programead data outputs using its Device Selector

function to select the particular ones addressed to it and to reject the
others. When the proper device address compare results, the-Device

Selector accepts the data from the PDP-8 accumulator and loads it into
the appropriate coumter -- either address or word. When both counters
have been loaded, the Interface Control logic is notified and the Data

ireak Trzansfer operation is ready to begin.

* The display sends 12 bits of address (those receivcd from the PDO)

and raises the Dreak Request signal to the Data Break interface. It
also holds the Transfer Direction and Single Cycle lnterftce lines in
the proper state to cause an output transfer from thr POP-S in. the
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single cycle'mode. %lien the PDP-3 is ready to service the Break Request,

it stores the memory address froa the display, issues the Break State

and Address Accepted signals, and fetches data fro.m the requested mi%'i.ory

location. h'hen the PUP-8 has stored the accessed data in its Memory

Buffer Register, it issues the BTS; and BTS3 pulses to signal the display

that the requested data is available on the .Memory Buffer Data lines.

The display increments its address counter, d'ecrements its word counter

and stores the data in a 12 bit data buffer register. The first word

r,:ceived is an op-code word, which is immediately processed. The display

does not reset the Break Request signal at this time; it is held activw

to request another memory access from the POP-8.

The op-code word is processed by decoding the op-code and routing

the remaining bits to the appropriate register: character code, control

wor•d I or control hord 2. The no-op command is not routed to any registcr

.rnd therefore it does have any effect on the display. Tlhe op-codcs for

the rult'iword co-r.ands arc stored in the op-code decoder ant used i;i

cLJnjction with a 2 bit counter to route the data words which follow

to the appropriate register: X, Y, AX, SY or address.

The Break Request signal remains active and the display continues

to fetch, buffer, route and store data words until the Interface Control

loic senses that all the data words for one, character or one vector
ccr.xwnd have been received. The display knows that it has received all

th,.- words assuc~ated with one com.-.and when it zenscs that a subsequent

op-code word *(detectable as MSi•O) has been stored in it.s data buffer.
Y1.';- displzy ttrý'orar.ly holds the subsequent or-code word in its Data

Butfer and dows, not process it until the previous command hcs been

1tcutrd. #t this tije, the Interface Control lugic resets the Break

Ptquest signal to terporarily discontinue the data flow and it then si=-

.:;,•: thcvdi-play to prucess the char.icter or vector cornand. "lie display

Viters t.,e hýuq state aad pr-:ce.sss the command. %len the co-.mand has

)ecn coL'jpleta.' the dixn1.," Icaves tI-c bu:y :;tatL and the Tnterface

Cc.1trol loit,: is Ayaita enabled to fettd wo;'ds fordm the MDP-3 merory.

11
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The Branch, Control Word 1, ar.J Co:itrb! 2 commards are processed irnnedizt.i

and thcreforc do not require the di!:play" to enter the busy state.

Tho display Lontinues its processing, one co-m.and at a ti.., until

t!.n Interface 'crd Counter is decremented to :cro. rhmn the interface

operation ceases and the disp4.,." ipereratcs a Prcgra.n Interrupt to irfor.

thc PDP-S that it has read and procssed all of "the specified data.

C -14,



0 10

"C-\,XACTER 3 0 CJiARACTER CODE - 7 BITS

........

'" ,..\D I X POSII IO\ . 1 BITS

I Y POSITION . 11 BITS

. 0 1 1 TO DON'T CARL:
.ST

1 f* '' n X POSITION 11 BITS

.. Y POSITION - 11 BITS

I AX - IlBITS

1 AY 1 IBITS

0 0 0 0 DON'T CAR-

0 0 0 1 o " BRA."RCHI "HIGH

1BRA.NCI ADDRE.SS - 11 BITS
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C•....CO'",\,) 1 I 0 .1 0 IDATA SITY " DATA -6 BITS
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CI !
0 2 a , iI . .S ..

rFigure A-I. Display Caofid Words
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'PUP-8 DSDT

ACCfLJ LATOR DATA (12 BITS)

-TOP PULSts

DATA ADVS(12 B I TS)

PEMIORY ttivrLR DATA (12 SITS'-) N

ADDRLSS ACCrrT!D

DATA

BRE:AK STATr DATA

DATA FTRIWrS (STSI 4 3) 1

S 1:(; LF. C'YCIts 1**V

Hpigre A-2'. rDi'/Dsi~r f rtcrfaicc Line~s
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Section 1

ACCEPTANCE TEST PLAN FOR A DEFORHOGRAPHIC
STORAGE DISPLAY (DSD) SYSTEM

1.1 SCOPE

this document defines the design parameters that are to be
verified in the performance of the Deformographic Storage Dislay (DSD)
System during an acceptance 'test procedure.

This document provides an overview of the tests to be performed on
the DSD System and is not intended to describe in detail h,.w the te-ts
will be performed at specific test points.

Three supporting documents shall be provide to accomplix4 the
detailed acceptance test. The documents are listed in 2.2 and 2.3.1.

m4
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Section 2

APPLICABLE DOCUMENTS

2.1. SPECIFICATIONS - IBM

EA3325 Engineering Requirement for a Deformographic
Storage Display System June 10, 1974

2.. SPECIFICATIONS - IB4

7S-M3S-003 Acceptance Test Procedure for the Deformographic
Storage Display (DSD) System

7S-M3S-C-04 Deformographic Storage Display (DSD) System
Operation and Maintenance Instructions

2.3 OTHER

2.3.1 1 P4 DOCUMENTS

75-X3S-001 Deformographic Storage Display (DSD) System,
Description of

2.3.2 DIGITAL EQUIPMEVrT CORPORATION [OWIENTS

PDPS/L PDP$/L Small Computer Handbook
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Section 3

REQUIRD4EUTS

3.1 GENERAL

This Acceptance Test Plan doCuaenz defines those tests required
to demonstrate that the DSD System complies with the requirements of
the E~ngineering Requirement for a Deformographic Storage Display System,
FAA 9 EA332S. The DSD System will be tested while various test programs
are utilized in the PDP-B/I processor to provide the DSD with the proper
stimuli to present the desired display patterns for test purposes.

Some requirements of the DSD are expressed in terms of dispzay
pars=ters, i.e.. brightness, contrast, storage time, erase time, etc.
These paraaeter% shall be measured at the display screen surface with
optical measuring devices to'obt;,in quantitatiie data.

%.I.1 TEST EQUIPMENT AND TEST LEVELS

The DSV shall be provided the necessary stimuli by a PDP 8/I
computer or equivalent to exercise the logic and analog circuitry as
outlined in this document.

3.1.2 UNIT TEST PROCEDURE (EQUIPMENT ACCEPTANCE TEST PROCEDURE)

Where the requirements of this document are implemented by an
DSD Acceptance Test Procedure (IM5 75-435-003), th4 test procedure
shall reflect the exact requirements of this document. The test pro-
codure shall include as part of its documentation, calculations,
measurements, etc., to show that the tests and tolerances utilized
are equivalent to those specified herein.

3..1.3 FAILURE CRITERIA

The DSD shall meet all requirements defined in this document.

3.2 TEST CONDITIONS

The DSD shall be cooled by ambient air during the acceptance test,
with all parts and louvers uncovered to allow the free passage of cooling
air.

Temperaturg - Room ambient (up to BS0 Fahrenheit maximum)
Stamidity - To 90% R.H. maximm
Light - Six, foot candles mauimm incident light from

overhead sources.
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3.2.) TEST CONF1CURATION

The DSD shall be tested using a PDP-8/I computer. or equi-:alcnt,
as the test controller. The computer shall be connected to the DSD
through a DW0B-B interface-adapter unLt to obtain the proper signal
polarity and levels. Test programs shall be available which will
exercise the DSD electronics to drive the DSD deflection and video
circuits to produce the desired test patterns, and test point outputs
necessary for electrical evaluation and parameter measurement.

3.2.2 TEST INSTRUMENTATION

All oscilloscopes, light meters, etc., use! in the performance of
the acceptance testing shall be calibrated according to the procedures
utilized at the testing site. -This calibration shall be evidenced by
a visible tagor stamp on the equipment. The tag shall indicate the
date of the last calibration and either the due date 'of the next
calibration or the normal calibration interval.

3.2.3 SPECIAL EQUIPMENT REQUIREMENTS

The equipment specified below shall be required in addition to
the PDP-8/! and the DWO8-B specified in 3.2.1.

3.2.3.1 Com.puter Test Programs

The DSU testing will require suitable test programs for use by
the FDP-8/I to exercise the DSD to generate the test patterns.

3.2.3.2 Display Screen Grid Overlays

A scribed clear plexiglass with test pattern configurations is
required to perform the registration accuracy tests.

3.2.4 ALIGN.MENYT AND ADJUSTMENIT

Prior to the start of the acceptance test, all adjustable gains
and biases associated with the processor analog electronics, and the
deflection and video circuits in the DSD console, shall be properly
set in accordance with the DSD System Operation and Maintonance Document,
fMW *754-35-004.

3.3 ELECTRICAL

The following subsections describe the electrical requi.qments
for acceptance tesing of the DSD System..

D-4
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3.3.1 POWER DISTRIBUTION TEST

Verification of the power grounding ind critical signal connections
shall be miade before applying power to the DSD System.

3.3.2 COOLING FAN OPERATION

Verification shall be made to insure that all cooling ians are
operating when power is applied.

3.3.3 POWER SUPPLY ADJUSTMENT

The voltige level from each reguia-ed supply shall be verified
to be within !S% of its nominal voltag&.

3.3.4 VOLTAGE SEQUENCING

The power on and off sequencing of the high-voltage section of
the DSD console shall be verified for proper operation.

3.3.S Ar INPUT POWER REQUIKEMENTS

The nominal AC input power requirements for the two sections of
the DSD System are:

DSD Processor miSD Console
Voltage 12,0 V i 10V- 120 V ! 160
Frequency 60 ! 2 Hz 60 - 2 Hi
Service Single phase -Single phase
Power (nominal) 130 Watts 130 Watts

3.3.6 DSD SYSTEM INTERFACE SIGNAL ELECTRICAL CIARACTERISTICS

All D05) System external interface. sign#la are those associated-
with-the POP-8/I computer. All signals are Che standard Digital
Equipment Corporation (DEC) -3 Volt interface signals, utilizing the
parallel data bus concept. All design parameters, as outlined in
"PDPS/i 6, PDP1/L Small Computer Handbook", shall be follo6ed to assure
cc€patible interfacing.

3.4 LONG TERM PERFOWANCE REQuIREMNTS

Certain performance requirements, as discussed below, shall be per-
formed as an operational' check of the test parameters during final checkout
and test prior to the final, acceptance test. ,Verification of compliarce
with these requirements shall be based on the test logs and other docmen-
tation avAilable at the tiLof the acceptance test.
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3.4;1 DISPLAY MAGNIFICATION

It shall be demonstrated by mathematical proofs that a display
magnification of 7.S to IS times is obtainable with the DSD optical
sYstcm rather than actual removal and demonstration of the optical
system from the DSD Console.

3.4.2 STABILITY

The DSD equipment will be observed to verify that the brightness
and focus controls uill not neeJ adjustment to rect, the performance
requirements. The data will be recorded in the equipment test log
during checkout and prior to final acceptance tests.

3.4:3 CENTErRING

A check shall be made to verify that the projected display center
does not vary by more than 1/4 inch from the previous center position.
The data will be recorded in the equipment test log.

3i.4.4 CHARACTER SIZE

During the final equipment checkout, periodic checks shall be'made
to verify that the standared character size (IBM 7S-,35-002, para. 3.S.9.3)
resains within the specified tolerance.

3.S TEST REC IRFYENTS

The following paragraphs specify the unit level tests to be per-
formed on the DSD System. Testing shall be done using computer test
programs which shall functionally exercise all portions of the system.
Operation shall be verified through visual monitoring of the display
presentations and performance measurement of the resultant viaual
parameters. Operator Intervintion shall be required to ixerclse the
various DSD Console switches and computer control switches, and load
the different computer test programs during the course of the test.

3.S.1 DSD SYSTEM IN'TERFACE TFST

.All signals to or from the DSD System shall be functionally verified
during testing. IBM 75-35-004 lists all the signals in the interface.,
The signal interface is to'either a [*401 multiplex unit and then to the
PDP-8/I computer, or directly to the computer, dependent upon whether
the test is being performed at NAFEC or IBM, respectively.
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Interface measurements and continuity testing will be done as part
of the system build-up and debug, and wiring lists and applicable docu-
mentation will be proyided for spot checking during the acceptance test.

3.S.2 DISPLAY BRIGHTNESS TESTS.

All brightness tests are to be performed in the ambient light
specified in 3.2 to exclude the additive effects of the ambient light
on the brightness readings.

3,S.2.1 Center Screen Data Brightness

Brightness measurements shall be made parallel to the optical path
at the center of the viewing screen using a Model 2020 Gamma Scientific
Photometer with microscope.

3.5.2.2 Brightness Control

The brightness control (neutral density filters) shall be implemented
to provide four discrete increments of brightness frca full brightness
down to one-eight or less full brightness.

I.5.2.3 Brirhtness %ariations

Brightness measurements of characters and vectors shall be made
over various positions of the screen, including all four corners, to
verify that there is no more than 60 percent variation in brightness
across the entire screen according to the formula:

Bmax -3 min X 100 1- % of brightness variation

B

Near-ared brightness variation shall be tested by measurement
of brightness within a three-inch area and verifying that the variation
is less than 40 percent according to the above formula.

3.S.3 CONTRAST RATIO TEST

With the ambient light specified in 3.2, several measurements of
the contrast ratio shall be 'made. The brightness measurement of a
display element (character'or vector) shall be made, as well as the
adjacent background, and the contrast ratio calculated according to
the formula:

Display element brightness
'Contrast ratio background brightness

and shall be at least 16.
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Spccular reflectivity of the screen shall be measured as less
.. than 10 percent.

8.5.4 DISPLAY COLOR AND SIL".DES OF GRAY TESTS

1. S. 4.1 Display Color Capability

Verify that the DSD System is capable of accepting the following
optical stops. No specific test requirements need be met with the color
%tops.

1i 1)• White on black - conventional (clear) stop

S2 Red and green on black- concentric ring stop

3) Four colors (red, green, yellow. white) on black -

Fspatially-oriented four color stop.

i.S. 4.2 Shades of Gray

With the conventional stop in place and the maximum brightnes3
:ontrol setting, verify that the DSD System is capable of presenting
-six shades of gray on the viewing screen. Each successively brightp

g cray shade shallibe at least 25% brighter than the preceding shade.

3.5.5 LINE WIDThD. RESOLUTION ANV SPOT GRO1h€1 TESTS

3.5.5.1 Line Nidth

,' Verify that the maximum line width in.a cross-hatch test pattern is
1no greater than 0.040 inch anywhere on the screen at the 50 percent
brightness points.

3.5.5.2 Resolution

While utilizing the resolution test pattern, verify that a pair of
lines can be resolved when, they are spaced no more than 0.03S inch (center
to center) apart, with at least 20 percent ,modulation according to the
formula:

Percent moduration P Bax mBin
X 100

max
Where max is the. line center brightness

.,min is the line pair overlap brightness. \

D-8
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3.5.5.3 Spot Growth

Verify that the line wie'hs of the cross-hatch test pattern do not
vary, from the narrowest line to the widest line, by a ratio of more than
1.4 to I over the entire screen surface.

3.S.6 LINEARITY AND REGISTRATION ACCURACY TESTS

3.5.6.1 Linearity

With the plexiglass overlay in place over the screen and the cross-
hatzh test pattern presented on the screen, verify that the size of any
square in the image does not deviate by more than 0.15 inch from the size
of the corresponding squares in the scribed line pattern on the overlay.

3.S.6.2 Rewrite Registration Accuracy

Demonstrate with the data block test pattern that a single block 'of
.iata can be selectively erased-and rewritten to within 0.030 inch in either
axis of its original position. No other data shall be added or deleted
anywhere else 'on the screen.

3.S.6.3 Overwrite Registration Accuracy

Without selectively erasing the data block of 3.5.6.2. verify that
the rewriting of the subject data block can be done such that the over-
written data registers to within 0.030 inch.

3.S.6.4 Selective Erase Accuracy

Verify that the erasure of the data block of 3.5.6.2 is completo
while not disturbing adjacent data blocks where the separation distance
of the near elements in the two data blocks is 0.30 inch.

? 3.S.7 CENTERING TEST

Verify that the centering adjustments on the X and Y deflection
prea•plifiers can move the center point of the rectangular cross-hatch
test pattern about the center point of the scribed pattern on the overlay.

3.5.8 DISPLAY STORAGE TEST

With the resolution test pattern on the fnSD System display screen,
verify that the brightness of the image after 30 minutes of storage Is
no less than 50 percent of its initial brightness.

'.-. 9 . ,
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3.5.9 CILARACTUR REPrRTOIRE TESTS

Uttli:ing the character display test pattern, verify that the
character repertoire. designated in 3.5.13 and Figure 3-1 of ER EA3325,
is displayed.

3.5.9.1 Character Closure

Verifv that the line segments of each character of symbol shall be
clo~.ed cr conpleted to within 0.015 inch from the idealized fonts.

3.5.9.2 C'haracter Positioning

Inert the- character location squares around the characters and.
symbols and vvrify that they are centered within the squares which are
positon-lo,.atcd by the lower left corner.

3.5.9.' Character Size

Heasure:ý.nt shall be made of the height and width of the alphanumeric
characterq to demonstrate that their height and width are withI- t10% of
0.23 inch and 0O18 inch respectively.

3...9.4 Charactter Spacing

Verify that the center-to-center spacing of the characters is
programmable in :ncrements of TRO inch or less.

*3.S. I DATA WRITI\N AND ERASURE TESTS

3.5.10.1 Writing Rate And Tim.e

By'measurement, determine that the DSD System is capable of writing
data at a rate of at least 20,000 inches per second at the screen, and
that any character or symbol of 3.S.9 can-be'written in 100 microseconds
or less. Verify that the erasure and rewriting of a 100 character data
block can be accomplished with a 100 millisecond time period.

3.S.10.2 Erase Time And Control

During cycling of.the data block test program, determine by measure-
ment that selective erasure of data is done at such a rate that a square
inch of data on the screen is erased in 10 milliseconds or less. Verify
that the test program can selectively erase and rewrite randomly placed

- data blocks in a cyclic fashion. Test the ability of the display to be
* totally erased under.manual control.

A D-1O
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3.5.11 INPUT RATE TEST

Utilizing the character display test pattern, verify that
the system is capable of accepting and displaying a new -haracter
every 100 microseconds or less.

L .,
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Section 4

QUALITY ASSURANCE PROVISIONS

4.1 QUALITY CONTROL INSPECTION

As inspectioh by contractor and/or government personnel siall be
made to ascertain that 'the DSD System equipment meets good con.McTcial
standards. This inspection shall include any and all tests and checks
required to make this determination.

4 2 FACTORY ACCEPTANCE TEST AND EXERCISE

A Factory Acceptance Test shall be performed at the contractor's
cor..-ncing on or before 7 March 1975 to ascertain that the equipment
meets all applicable portions of Section 3.5 of FAA * EA332S. Failure
af the equipment to perform to specification shall result in ro'est anu,/ci
mutually agreeable resolution of the equipment performance level and
.,pecif fcation differences.

4.2.1 a)SD SYSTE.M ACCEPTANCE TEST SCHEDULE

Figure 4.2.1-1 provides the general road map of the proc-edures to
be followed prior to preliminary and final customer accep.tance test.

4.2.2 PRLLIPIINARY ACCEPTANCE TESTS

Prior to finsl customer acceptance testing of the DSD System, a
preliminary acceptance test will be conducted to establish compatibility
ef the DSD System test procedures, system operation and test equipment.

Scheduled start date - 14 February 1975

Scheduled finish date.- 28 February 1975

4.2.3 FINAL CUSTOER ACCEPTANCE TESTS

The final customer acceptance testing of the DSD System is scheduled
a follows.

Scheduled start date 2S February 1975
Scheduled finish date - 14 March 1975

The various customer acceptance tests are itemized in Table 4.2.3-1,
Final Customer Acceptance Test Plan.

4.2.4 SQIEDULED DSD SYSTEM SHIPPING DATE

After completion of the final customer acceptance tests the system
will be packed and shipped to NAFEC. Atlantic City, N. J.

J
Scheduled. shipping date is on or before.22 March 197S.

* ' D-12
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4.2.5 TRAINING SERVICES

Training services for FAA can cc€ence 17 January 1975 (Console
Integration) and continue through firal customer acceptance tests.

4.3 FAILURE VERIFICATION AND RETEST

In the event of a failyre which can .e- isolated to a subLssembly
or module, the defective items shall be repaired or replaced and those
circuits directly affected by the failure shall be retested to the
applicable requirements of 3.5. A failure which is verified to be an
operator or test equipment failure, shall not be considered to be a
relevant failure. Equipment test, in tie case of an operator error or
test equipment failure, shall cont-inue from the start of the test being
performed at the time of the error or malfunction.

I
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Section I

GfiERAL INFORKATIO&.

1.1 PURPOSE

Mis document establishes the procedure required to demonstrate prop•er

performance of the Deformographic Storage Display (DSD) system, serial #1

in accordance'with the FAA document ER EA3325.

1.2 TESTS

The acceptance tests performed in Paragraphs S.1 - 6.23 of this

procedure are in accordsnce with the Acceptance Test Plan fur a DSD

IBM 75-3S-002.

1.3 FAILUPRES

In the event that the DSD iails to pass any of th. specified tests,

appropriate entries shall bi made in the Unit Log. All failures s;iall

be investigated, analyzed, and corrective action taken, as required.

1.4 UNIT LOG

Details of all Anonalies, test interruptions, failure isolation

details, rebork, resolution of malfunctions. etc., shall be documented

in narrative form in the Unit Log.

1.S TEST CO.NFI;URATION

The DSD shall be tested using a PDP-8/I computer as the test con-

troller. The cocputer';,hall be connected to the DSO through a DWO8-B



interface adapter unit to obtain the proper signal pularitY a'Id levels.

Test pro.,rarns shall exercise the DSO electronics to drive the DSU udcfle-

tion and videt circuits to produce the desired test Patterns, and .test

point outputs necessary for electrical evaluation and parameter

measurement.

1.6 TEST INSTRUME.INTATION

All oscilloscopes, light meters, ttc.. used in the performance of

fthe acceptanc testing shall be calibrated according to the procedures

utili:ed at the testing site. This calibr ion shall be evidenced by a

visible tag or stamp on the equipment. The tag hall indicate the datec

[of the last calibration an'd eithdr the duc date of ti next Calibration

or the normal calibration interval.

1I.? MA1NTUNAN\CL AND ACCEPTANCE TEST SOFTWARL

The Mainitenance & Acceptance Test Software (MATS) is used extensiveiy

throuihout the zollowing test procedures to generate test ýattcrns for

the USU. For detailed loading rand operating procedures refer to IB.'4 75ý-

MIL-004 L)SI) Opezation and Maintenance instruction (OMI) section 10

a~nd to Digital LquipmcntCorporation's Introductioil

to Progranming (DECITP).

Z-2



Section 2

APPLICABLE DOCLUMENTS

IBM 75-N35-002 Acceptance Test Plan for a Deformographic

Storage Display System

IW4 7S-M3S-O04 Deforuographic Storage Display System Operation

and Maintenance Instruction

IBM4 X35-002-75 Maintenance and Acceptance Test Software -

Object Tape

Diglital -quipsent Corp. Introduction to Programming

Department of Trans- Contract #DOT-FA74MA-1I03
FPrtation Serial: 3S9-0-00

Date: 07/03/74

Project: DSDT for FAA

Engineering Requirement (ER) EA3325
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Section 3

TEST CONDITIONS AND REQUIRILINTS,

3.1 TEST CONDITIONS

The USD shall be coolea by ambient air during-the acceptance test,

with all parts and louvers uncovered to allow the free passage of

cooling air.

Temperature - Room ambient (up to 85o Fahrenheit maxnium).

Humidity ' To 90% R.H. maximum.

Light - Six foot candles maximum incident light frow ovcrhead

sources.

3.2 ALIUV-.LNT ANLU ADJUSTMENT

11rior to the start of the acceptance test, all adjustable gaiiis and

biases associated with the processor analog electronics, and the deflec-

tion and video circuits in the DSD console, shall be properly set in

accordance with the DSD System Operation and Maintenance Document, I&I

,7S-M35-004.

3.3- AC INPUT PONLR RLQUIREMENTS

The no=inal ac input power requirements for the two sections of the

DSD System are:

DSO Processor DSD Console
Voltage 120V *10% I20V +100.
Frcqucncy .60 *2 ifz 60 +2 fiz
Service Single phase Single phase

SPower (nominal) 130 Watts 130 Watts

Lu



Section 4

POWER SYSTEM VERIFICATION

4.1 POWER, DISTRIBUTION

This test satisfies Section 3.3.1 of IBM 75-M35-002. Verification

of the power grounding and critical signal connections shall be made

before applying power to the DSD System.'

"/I) With a multimnter verify that line voltage in the power outlet

receptacle is IISV.

%/2) Install interconnecting cables fron the remote unit to the

console. The multilead cable attaches to J6 which is located

on the rear shelf below head one. Triax cables marked X, Y

and Z attach to head one receptacles J5. J4 and J3. For ease

of installation it is advisable :o temporarily remove the

cables from. Jl and J2 on the head.

/31 Verify that the %&in Power switch located on the right side of

the console, switch panel is in the Off position. Plug the

console power cable into the power outlet receptacle.

Test Input voltage

Test Equipment Simpson Model 269 multimeter or equivalent

Measurement Line Voitage

S--5
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V4.2 COOLING FAIN OPL__TI

This test satisfies Section 3.3.2 of Ult 75-35-002. Verification

shall be made to insure that all cooling fans are operating .hen power

is applied.

[ 11 The arc lamp housing holds a cooling fan which is energized

%hen the main power switch located on the right side of the

console switch panel is in the ON position. The lamp is

located in head one to the right and just above the DSU tube.

Air is exhausted through the top panel of the housing.

12) The deflection power amplifier stage located in the bottom

section of head one cc-itains a cooling fan. This fan is

energized when the !ow voltage switUh located on the console

swLtch panel has been depressed. Air is'exhausted from the

fan housing toward the focus power supply.

Verify fans: (/) 3-2.2-7S

*7



4.3 POQLR SUPPLY ADJUSINENTS

This test satisfies Section 3.3.3 of 1BM 7S-M3S-002. The viltage

level from each regulated supply shall be verified to be within !S% of

its nominal voltage.

I/) Verify that the main power circuit breaker located on

the rear shelf to the left of head one is in the ON

poiition.

V/2) Turn the Main Power switch located on the right side

of the console switch panel ON. Background lights on

theindicators should come on and the I OFF indicator

should be green. This switch also energizes the power

relay in the remote unit. Momentarily depress the

reset switch on the front panel to put the remote unit

in a reset mode.

/3) With a' ultimeter verify that line voltag, is leaving

the power compartment. Check for lISV at the con-

venience outlet located on the left side of the rear

compartment.

/4) Depress 1 LV swItch located on the Console

switch panel. Green should be immediately removed

from the I Off switch. In approximately thirty seconds

the 1 LV indicator houtld turn greM.

2-7
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S) With a multimetor, verify the following voltages.

On the A9 card. which is the second

card down with TPI being it the center

of the card: TPl P6SV

TP2 P30V

TP3 PlSV

TP4 GND,'

TPS N90V

TP6 N30V

TP7 GND

TP8 NISV

On the low voltage power supply located

on the slide out shelf:

P40V across RS (top is positive)

b.7V AC between terminais-3 and 4

On A12 the video amplifier which is located

next to the tube shield:

P9OV across the 25 wfd cap at the top

of the card.

r

I

I



Test: Low voltages

Test Equipment: Simpson M~odal 269 multimoter or equivalenm.

Measurcmcnt:

3. 15v 11q V~qc

S. Psv6 5.1 VOL.

P30V 8. v Dc

N90V -8H?. VOC.

P40V 0Q DOC.

6.7VAC .9 2 A c
P90V 73-4.v 0c.

PE. z V c



4.4 VOLTAGL SLQULNCING

This Zest satisfies Section 3.3.4 of IXi 754135-002, The power

or and nff sequencing oi the high-voltage scetion of the DSD console

shall be veLified for proper operation.

1) From step 4 of the Power FSpply Adjustmert section

the 1 :V indicator should be green'. This

shows that the high voltage delay relay has timed out

and the unit is .eady for high voltage. Momentarily

depress the Reset switch on the front panel to. insure

that the remote, unit is reset.

" •ith a scope verify the conditions of the X, Y and Z

inputs to the tube. X and Y deflection sienals to the

yoke should be probed on the terminal board located to

the left of the deflection cards. These signals should

be at ground potential. Z input to the tube should be

probed on the A12 card at the top end of a S.lK two watt

carbon resistor. This signal should be at approximately

FSOV which is the blanked condition.

3) Depress the I HL switch on the front panel.

1 LV should go off; I HV should go green. Observe the

display screen for any vriting.

IF 1-10
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4) With a scope verify the presence of high voltage. This

can be done at low voltage levels at test points on the

power supplies. On the focus supply Jl-8 represents

focus voltage. On the high voltage supply JI-8 represents

-high voltage and Jl-7 represents G2 voltage.

S) To power down the console first depress thi I LV

4no.switch to allow the high voltage to decay before

dcpressing the Off One switch. This last move removes

all power from the head.

Test: X, Y. Z and high voltages

Test Lquipment: Scope

Mcasuremcnt

2. X gnd GAIO

Y gnd &yN 0

: PSOV 8 z

85178-1. S/Ill Focus J1-8 1-3V 2.7V lV0loooV 1.4 to 3.6 kV

8517591, SIN 2 IN J1-7 SV ,, ,0V IV-IOYV

v , Jl-8 iOV M o10.0V' 1v0oooV

651785-1. S/N I Erase (Floating at HV, did not seasure)

&_U



Section S

OPTICAL

These tests are performed with a special reflectivc test grid in

place of the DeformogrAphic Storage Tube (DST). For the method of re-

moving the DST and for the method'of aligning the test grid, refer to

the (XII.

5.1 UPTICAL DISTORTIaN & MAMFICATION

This test, requires that the grid overlay be on the viewing screen.

1) Ignite the arc lamp (see CHI Section 1.1 ).

2) �Like required masurements and record data.

Test: Optical Distortion M Magnification

Lquipment:

Reflective test grid in place of CRT

Grid overlay on viewing screen

Scala and magnifier

S•3-12



Heasutrement s

easure the deviation of the projectod grid from grid

overlay in the horizontal and vertical direction at the 9

locationas specified:

T.L. T.C. T.R.

x. - . 0 x-

Y -. oL. '" - Y

C.L. C C.R.

Z +.om 0 X1 0 x a

y- +.OZO YI 0 y - 0.2.

B.L. B.C. B. R.

X f-. CC'S x - 0 X , -Oq

y • + y - "- I.

Passed:

S-13



5.2 aRiQrrNLSS CONTROL

This test satisfies Section 3.5.2.2 of IBM 7S-M3S-002. Verify that

the brightness control (neutral density filters) provide four discrete

increments of brightness from full bright'nebs down to one-eight or lcst

full brlghtuLess.

1) Ncasure and record the line brightness produced by the

aligriment test pattern at a' fixed point ou

the screen for each setting of the brightness control.

2) Quench the arc lamp.

3) Remove the test grid, insert and align a DST (see all par. 8.4, 8.5).

Test: Brightness Control

Lguipmcnt:

Alig$•nt Test grid pittern

Photometer: Gam aScientific

%leasurcments:

Setting I (Bright) U NWFILTERED

Setting 2 (din) " 0, 30 rFILTTU

Setting 3 0 0. 00 FILTER

Setting 4 (din) , FI,0  FILTER

Setting 1 S setting -

Passed:

"1-14



-IT

*.S.3 DISPLAY R.AGNIFICATICN

This discussion satisfies Section 3.4.1 oi IBM 7S-.A35-002. It

shall be demonstrated by mathematical proof that a display magnification

of 7.S to 18 times is obtainable with the DSO optical system.

Th* optical magnification is established by the distance between

the DSO target a•td the projection lens. For the normal console configur-

ation, this dis:ance is: F 1 g 1 ) * 7.1 i 7.7 inches

F a Focal Length * 7.1

M a Magnification a 11.0

At 7.Sx 5 18x these values become:

7.x F 5+I 8.C6 inches7.Sz * F ( •-.•--* 1 ). 'k C ice

18x -F (.-+ 1) , 7.5 inches
18

The focus adjustment provides a motion that moves the DSLT tube

assembly in reation to the projection lens in excess of 2.0 inches.

Alignment of the bSDT tubecenter and the, optical axis is wlin-

tained by adjusting the nuts on the leveling studs at the target end

of the tube craddle and the leveling knob at the resr.

j-I3



Section 6

DISPLPX TESTS

For detailed procedures in all follcwing sections, refer to OMI

arnd ULCITP.

I~ PRELIMI!NARY

1) Power-up the POP-S computer and bring the DSD to a standby

condition.

2) Load the MA TS if required.

fr3) Start MATS at address 4000. Computer will halt

4) Power-up high voltage to the 050.

OC-M C GA Th
_______________________ MEAS IN FOOTLJ.MBERTS

/19. 0 4 NOT IN PARALLEL WITH

4P LIGHT PATH

SECOND SET MADE '..TO LIGHT PATH AT CENTER

4_"4



6.2 CENTERING

This test satisfies Section 3.5.7 of IBM14 75-M3S-C32. Verify that

the centering adjustments on the X and Y deflection preamplifiers can

move the center point of the rectangular cross-hatch test pattern about
Fthe center point of the scribed pattern on the overlay.

S3 -Z.2-75

1) Set the PDP-8 switch register (SR) to 0000.

2) Erase the display.

3) Press continue - the alignment test pattern will appear.

4) Make the required measurements and record the data,

repeating steps 2 and 3. as needed.

Test: Electrical Centering

Lquipment:

Alignment pattern on .DSD

Grid overlay on viewing screen

Scale and magnifier

Measurements:

Measure the excursion and note the direction as the centering

pots are adjusted to their two lisits. 1 i

Horizontal Vertical

Full CW -18 Loch -19 inch

Full CCW +16.5 inch +17 inch

Passed:..5 " 3-17
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b.3 L!NEARITY

This test satisfies Section 3.5.6.1 of la! 754135-002. With the

t grid overlay in place over the screen and the cross-hatch test

I pattern presented on the screen, verify that the size of any square in

the image does not deviate by more than O.1S inch from the size of the

corresponding squares in the scribed line pattern on the overlay.

1) Set the PDP-8 'switch register (SR) to 0 .

Erase the display.

3) Press CONTINUE - the alignment test pattern will appear.

4) 'Make the required measurements and record the data,

repeating 2 and 3. as needed.

Test: Linearity

Ijuip'cnt:

Alignment pattern on DSD

Grid overlay on viewing screen

Scale and magnifier

. .



I" ?.teasurements:

W Measurt the deviation of the projected CRT image from the CRT

image from the grid overlay in the horizontal and vertical direction

at the 9 locations specified below.
,,,,,,fSN•'t 3-aL'.-7r

T.L. T.C. T.R.

x a -0.045 x a 0:0 x 10. 12.0

y 0 +0.1 y a 0O, y -+O.7.30

C.L. C. C.R.

0.010 x -0.02.0 x -0.o0S
Y= '-0.0o35 -- +G.0• y- -- O.0,• ~B.L. B.C:. •

- a-0.010 x -- 0.005" x a +"0. 1240

n-0.050 y *+0.o2.S y a -o.0c70

Passed:

I

I B~-19 .



6.4 LIN•E W'IDTHi

This test satisfies Section 3.5.5.1 of IME' 75-M35-002. Verify that

the maximum line width in a cross-hatch test pattern is no greater than

0.040 inch an)ywhere on the screen at tha SO percent brightness points.

1) Set the PDP-8 switch register (SR) to .

2) Erase the display.

3) Press CC.NTlNUE the alignment' test pattern will appear.

4) Make the required measurements and record the data,

repeating steps 2 and 3. as needd.

Test: Line Width

Aligent pattern on USD

Mcasuring magnifier

Yacsurr•cnt s5:

Measure the line width of the horizontal and vertical lines

at the 9 locations shown below.

3-25-75 T.L. " " T.C. -- 7 1 U-?&T..--.$"-7J"

GRAPH 1' . '/7

V -'0 1 a V V

C.L. C. C.R.

*1 v. v. .0 23.-/ v.

B.L. B.C. B.R.

Ii . .. (Zg .0Z6.,' .. a .

g- .' Passed:
5 -2-



6.5 SPOT CROkfT)l

This test satisfies Section 3.5.5.3 of IBM 7S-M3S-002 Verify that

the line widths of the cross-hatch test pattern do not vary, from the

narrowest line to the widest line, by a ratio of aore than 1.4 to 1

over the entire screen surface.

1) Set the PDP-8 switch register (SR) to 0000.

2) Erase the display.

3) Press CONTINUE - the alignment test pattern will appear.

GRAMN 1 4) Make the required measurements and record the data.

repeating steps 2 and 3, as needed.

Test: Spot Growth

Equipment:

Alignment pattern on display

Measuring magnifier

Measurements

f Locate and measure the largest and smia lest line widths on

the screen.

Largest line width (LLW) .4

Smallest line width (SLY) .d,02 I

LLW

Calculate

Pissed:

S•-II .. ...
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Ft.

o.b \!c-.tR UNIFO:UITY

This test satisfies a portion of Section 3.5.2.3 of IL-',71-M33•)-022.

Brightness reasurements of vectors shall be rr-ade over

various positions of'the screen, including all four corners, to verify

that there is no more than 60 percent variation in brightness across t:e

vntire screen according to the formula:

'-'. •In X 100 - % of brightness variatior
Max

d;gAPil I

Near-area brightness variation shall be te:sted by .easurc-ent ef

t r.gh t::ss wit-hin a three-inch area and 'verifying that the var:aticn is

tess ;)crcent according to the above forrula.

I Set the ')P-3 switch register (SR) to We.

, Lrase ,.!e display.

.K Press C.ATINLJ- - the alignment test pattern will ai,p'ear.

4: ý','ke the required measurements and record the data,

rc;'cating steps 2 and 3, as needed.

:c• : ~Brightness

Alignment pattern on DSDT

Photometer: Gamst Scientific

Lar-bertion reflection for Setting 6 FC ambient on screen

j-22
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Measurements:

Measure worst brightness variation with a 3 inch section

I

of vector

Max L4 ( FL Min - .2. FV

Brightness Variation for a 3-inch Vector Section

Compute variation

-mx Z 7. Min'

________________________X 100 Sh5i 25 .

MAX

Passed:

-

fF

SL "

L I 1-



6.7 ER.I.Ci'l EdSýS, C0,•ITMST

Th.is test satisfies a portion of Section 3.5.2.3 and Section 3.5.3

of I' s5-,33-002.

irightLncss meatsurenents of characters ind vectors shall be made over

various p1ositions of the screen, including all four corners, to verify

that ti.erc is no more than 60 percent variation brightness across tile

e'ntire screen accurding to the formula:

x 100 a . of brightness variation
" ma

Near-area brightness variation shall be tested by -easur,-crt of

Sri.htQiis within a three-inch area and vcrifving that the variatic:n in

.css t-:a. 40 ;'erccnt according to the above fTormula.

Scvcral -easirecents.of the contrast ratio shall be m.ade. The

-r ... •.tness reasurcent of a display eleinent (character or vector) shall

e;C -.ode, as Welk as the adjacent background, and the contrast ratio

calculaled according to the formula:

:RAPII I •rtio-Displav element brigh.tncs's.RPU1 untrast ratio a - -- '." -- 4background britglie•i "

annd shall be at _least 16.

1 Set the SR to 0002.

) Lrasr the display.

3.; Press CCNIINUE - the resolution test pattern will appear.

4) M!ake the required measurements, repeating steps 2 and 3. as needed.

" 9-24V
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Test: Brightness

Equipment:

Alignment pattern on DSD

Photometer: Gama Scientific

Lambertion reflection for setting 6 FC ambient on screen

Measurements:

Measure the line brightness and background at 9 locations as

shown below. Meter reading to, be made within I mn after a write.

CLUM 2 T..L. T.C. T.R.

Line FL FL FL

BacLground F'. FL FL

C.L. C. C.R

Line FL FL FL

Background FL FL FL

B.L. S.C. B.R.

Line FL FL FL

Background __FL FL FL

Br~htness Variation for Entire Screen

Compute variaticn based on valuzes entered on Sheet I

Max'Lin. Bright - Min Line Bright 100 S3-25-75 
Nai Line Bright

36 4

xI 100 89
36

9-23
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C cntrast Ratio;
Compute ratio at the 9 locations based on values entered

on Sheet I

Linc Brightness

i.ckgruund ýrLghtncss

T.L. T.C. T. a.C.L. 
C. 

C.R.

_.L . B .C . B .R .

Passed:

!~
- .5 26

• . , .,lo.



6.3 RESOLUTION

This test satisfies Section 3.S.S.2 of IBM 7S-M3S-002.• While

utilizi-.g the resolution test pattern, verify that a pair of lines

can be resolved when they are spaced no more than 0.03S inch (center

to center) apart, with at least 20 percent modulation according to

the formula:

8 -BPercent modulation Bnax m"in X
B xO
max

Ahere Bmax is the line center brightness

Bmi.n is the line pair overlap brightness.

1) Set the SR to 0002.

2) Erase the display.

3,) Press,,CO.N'TIrSUE - the resolution test pattern will appear.

4) Make the required measurements, repeating steps 2 and 3, as needed.

Test: Resolution

EqUipment :

Resolution pattern on DSD

Photometer: GCam Scientific

Lambertton reflector for setting 6 FC ambient on screen

1-27',



'Me.sure brightness of line and space between lines in next to

finest line group and computef modulation.

21 Line - 6 Space

.•Todulatuion x 71.5%

21 Line

Readir.gs are nced,.; only for the line group that has least

l.dltxzo as j b.id by the eye.

,0,1

:casure line spacing .021 inches.

F-28



6.9 STCRAGL

This test satisfies 3.S.8 of IBM 7S-M3S-002. With the resolution

test patzern on the DSD System display screen, verify that the brightness

of the image after 30 minutes of storage is no less than SO percent of

its initial brightness.

1)' Set the SR to 0002.

) Erase the display.

3) Press ýONTINUE - the resolution test pattern will appe~r.

4) Make the required measurements, repeating steps 2 and 3, as needed.

Test: Storage

h'•uipyrcnt :

Resolution pattern on DSO

Phptometer: Ga".aa Scientific

Measurements:

Measure the' line brightness iimmediitely after' a write and then

make successive reading on the same line every S m.in for the next half hour

Initial reading 57 . FL

After 5 min storage .Z:, Z IFL . ' ." t(O SA. &-

After 10 min storage ," 1.!FL O P -A#. UM

After 15 min storage .z":7 /2.. FL

After ZO min storage %JSZ. ._FL

After. 25 ain storage J.r7 1 FL

After 30 air, storage J!'13 .l.

Passed:

D-2



L..10 0;LMOCI~AR REPERTOIRE

This test satisfies Sectidn 3.5.9.0 of IBX 754135-002. Utilizing

the character display test pattern, verify that the character repertoire,

designated in 3.5.13 and Figure 3-1 of ER EA3325, is displayed.

I Set the SR to )001.

•: Erase the display.

3) Prcss CONTINUL - the ClLARl pattern will, appear.

S) .e and record the required measurements, rvepatirg steps 2

.*nd 3, as needed.

. ..st: Character Repertoire

z ic•-'.t: C!Iaracter format on DSD

Verify that the following 26 characters, 10 numeral and 22

s;,ec~al symbols are displayed

A _ ,B , C ,D __,E __ F __ G I II_, I_,

J _,~ __,L _ __,N ,0 ,P , R

S o __ U V __ __. __.- __. __.

06 .7 .8-.9



6.11 CMW\CTER CLOSURE

This test satisfies Section 3.S.9.1 of IBM 75-M35-002. Verify that

the line segments of each character or symbol shall be closed or completed

to within M.0IS inch from the idealized fonts.

1) Set the SR to 0010.

2) Erase the display.

3) Press CO.\TIUE - the CIARI pattern will appear.

4) Make and record the required measurements. repeating steps 2

and 3, as needed.

Test: Character Closure

Lqu •pent:

Character formats on USL

Measuring magnifier

Measurements:

Measure gaps between the character strokes within a character

and enter below:

A , . C D __* __.G .B1 .D .

'J __ K __ L N M N 0 __ P _ Q ,R .

S .. T __ U V _. ,W X ,Y _ Z

0 ,1 _ 2 . 3 4 5 . 6 ,7 .8 ,9

•. E __,o__. 1 . _, ~ . __,.rr ___.;= ___.,/ _.., ,.

*~~ O%.* e ' O Passed:

S. -



t) .1Z CIL\RACTER SIZE

This test satisfies Section 3.5.9.3 of IBM 75-43S-002.- Measurement

shall be made of the height and width of the alphanumeric characters to

demonstratc that their height and'width are within !10% of 0.23 inch and

0.18 inch respectively.

fl SeL the SR to 0010.

2) Lrase the display.

3) Press CONYTINUE - the CHARI1 pattern will appear.

4) Make and record the required measurements, repeating steps 2

and 3. as needed.

cst: Character Size

Chariter fori'.ats on DSD

-!casurinj magnifier

Z-32
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Measurements:

Measure the height and width of characters and enter below.

Character Height Width Character Height Width

A .O .

8249 .. 5 0 .190

C P

u . Lif .)S•o Q

E R

F U

C V

J x

L y

Passed:

-133



6.13 C16N!\CTLR UNIFORNITY

This test sgtisfies a portion of Section 3.5.2.3 of IBM 75413S-002.

Brightness measurements of characters & shall be made over

various positions of the screen, including all four corners, to verify

that there is no more than 60 percent variation in brightness across the

entire screen according to the formula:

x 100 * of brightness variation

m

Near-arej t'rihtness variation shall be tested by measurement of

brightness w7'tmxn a three-inch area and verifying that the variation is

'less than 40 rercent according to the above formula.

Test: Character Brightness Uniformity

Character formats on DSD

Photoecter: Saaa Scientific

'casur-ecnts:

Measure brightness variation of the strokes within the

characters and enter below the saximun and minimum values within a

character:

&Ia maLI.L73 i

Cocpute: 10 q.*X 00ma



6.1l4 C1\AAC1ER POSITION

This test satisfies Section 3.S.9.2 of IBM 7S-435-002. Insert the

character location squares Around the characters and symbols and verify

that thej are centered within the squares which are position-located by

the lower left corner.

I) Set SR to 0012.

I ) Erase display.

3) Press CONTI.UL - CILAR3 test pattern will arrear.

4) Verify that all characters are centered within the position boxes.

Test: Character Position

Lqu-i1r!nt: Encased character format

!keasurcvcnt:

Verify that all' 6 characters, 10 numerals. and 2: special

characters are centered within the encasing boxes.

A _ B _,C __*0. t *F G0_ Id_,

S . __.L ,M *N .0 1 P .Q _ R ,

S .T . U . V W , X , Y __.

O i 1 2 3 4 S" 6 7 .8 , 9

Passed:

Z-35



FI

6.lS CI.vR\CTLR U•NSITY

1) Set SR to 0015.

2) Lrasc display.

3) Press CONTINUE - 141 x 72 characters will appear.

4) %o measurements required.

A

r

'I

SI I I



6.16 CHARACTER SPACING

This test satisfies 3.5.9.4 of IBM 7S-M35-002. Verify that the

center-to-center spacing of tho'characters is programmable in'increments

of .02 inch or less.

1) Set SR to 0011.

2) Erase display.

3) Press CONTINUE - CHAR2 pattern will appear.
r

4) Raie and record measurements.

Test: Character spacing

Lquipment:

Character spacing format

MIeasuring magnifier

1 easurement s:

M4easure the character spacing for each spacing group.

Group 1 . (175Z S!•G2--G I• OZO

Group Z 0 G3-G.O 0 1'76

Group 3 .G4-G3 00

Group 4 .12. .GS-G.4

Group S .45 G6-GS * .O

Group 6 • i(,S G7-G6 -

Group 7S--=- GS-G7 a ---..

Group 8 C.-G8 -

* 1~ Group 9

Passed:

•. 1-37
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u.17 CIL\RACTriP, SI:E CONTROL

1) Set SR to OI14.

2) Lrast display.

3) Press CONTINUL - ClMR4 pattern will appear.

4) Verifyv si:e control exists.

r

t

3-3
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6.18 GREY SILADLS

This test satisfies 3.5.4.2 of IBM 75-135-002. With the conventional

stop in place and the maximum brightness control setting, verify that the

DSD System is capable of presenting six shades of grey on the viewing

screen. Each successively brighter grey shade shall be at least :5%

brighter than the preceding shade.

1) Set SR to 0004.

) Erase display.
CRA•PS 73-22-75 3) Press CONThIUE - grey shade pattern will appear.

4) Make and record measurewents, repeating steps 2 and 3 as required.

Test: Grey shades

'quipment:

Grey shade format

Photometer: Ganma Scientific

Measurements:

Measure the raster line brightness in each shade area and enter

the values below.' Make eac4 measurement within I minute of a write.

Background Shade I f t FL

Raster Line Shade II Z6. FL

Raster Line Shade III 9 FL

Raster Line Shade IV FL

Raster Line Shade V .34 FL

Passed:
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b. 19 LJL.NSL ACCUM\CY

This test satisfies Section 3.5.6.4 of Ibl 754135-002. Verify that

the erasure of a data block is ccaplete while not distrubing adjacent data

blocks %here the separation distance of the r.ear elements in the two data

blocks is 0.30 inch.

1) Lrase display.

"' Set SR to 0001.

3) Press CoNTINUE - BLCKI pattern will appear.

4) m.ke spacing measurements.

5) SVt SR to O003.

6J Press C:NTIDU- - nine data blocks will be erased.

7) Verify erase.

Test: Lrise Accuracy Date:

Lul. ent: Measuring magnifier

Spacing: .Measure th,* guard'band between several distributed data

b'locks.

Block 1: UP -. DOWN, LEFT ., RIGLT .

SD~hN -E FT -RIGQf

alock 2; UP D O, w0 ... , FT - -R

Block 3: UP- - DOWN • LEFT a R10f1 * -

Block*4: UP "O, WOIN a . LEFT a . RIGT -a

block S: UP , DOWN-. , LEFC -m , RIGIIT a

Lrase: Verify data blocks are erased

Verify other data blocks are not affected.

Passed:
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6.20 RkhERITE ACCURACY

This test satisfies Section 3.5.6.2 of IBM 7S-M35-002. Demonstrate

with the data block test ,pattern that a single block of data can be

selcctively erased and rewritten to within 0.030 inch in eithur axis of

its original position, No other data shall be added or deleted anywhere

elso on the screen.

1) Lrase display.

2) Set SR to 0001.

3) Press CO%'TIrN"UE - bLCKI pattern will appear.

4) Locate the 9 selective erase blocks and measure their locations

relative, to I and Y reference lines in the small reference grids.

5) Set sk to 0003.

6) Press CON%'TINUE - the 9 blocks will be erased.

7) Set SR to 0007.

8) Press CONTIVIJE - the 9 blocks will be rewritten.

9) Measure the new relative X Ind Y positions for the 9 blocks.

Test: Rewrite accuracy

Lqjuim'nt: Measuring magnifier

t~4

I _ _ _

a -1[ iii. . ..



TL: RXI TC: RX1 TR: RX I

IX 2 x ;x2a RX2 A

RYI RYX Ryl

RY2 - a RY. - y kY - Y2 - y -

CL: RXI CC: RXI"IN CR: Rx 1

RX2 Lx (2 . U RX2 A -

RYI RYl RYl

RY2 L .y RY2 LYRY-'L

BL: RXI SC: RX I BR: RX V

RX xRX2 - A - RX -

Ryl RYl RYI

RI: RY2 - ,

~ ~;3a..Passed:

~,,rH-4/ D00
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6.21 OVLRhRITE ACCJRACY

This test satisfies Section 3.S.6.4 of IBI4 7S-M3S-002. Verify that

the rewriting of a data block can be done such that tho overwritten data

registers to uithin 0.030 inch.

1) Erase the display.

2) Set the'SR to 0001.

3) Press Continue - ELCK1 pattern will appear.

4) Set the S' to 0007.

5) Press CONTINUE - 9 blocks will be overwritten.

6) Examine tu* overwrittenblocks under magnification. Due to

the nati.•e *f the DOSV the spacing of lines can only be measured

if they are more than one resolution unit (RU) apart (the

resolution unit was established in Test 6.8). If lines are

separated by less than about ý resolution unit, the two lines

merge xnto a brighter line. If the separation is between about

SR; and I RU the lines interfer and result in a single dim

line. Record observations.

Teit: Overwrite accuracy

!.qji;,*nt: Measuring magnifier
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Meis ureent s

Block ~ ~RU (bright line) ½RU<A RU (dim line) A< RU (Sleasure)

i ~TI

TR

CL

cc

(Check column 1 or 2, or insert measurement in Column 3)

Passed:

ri
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6.22 WRITING RATE AND TI.E

This test satisfies Sections 3.S.10.1 and 3.$.11 of IBM 7S-M3S-002.

6.22.1 LINE RATE

By measurement, determine that the DSD Systom is capable of writing

data at a rate of at least 20,000 inches per second at the screen.

LI ) Erase display.

2) Set SR to 00I6.

3) Press CONhTINUE.

4) Measure the length of the vector which appears.

S) Erase display.

6) Turn high voltage off.

7) Connect an oscilloscope to L2S-l0 on the digital backpanel. (Vector

8) Press COT.1J".E.

9) Scope trace will resemble Figure 6.22.1 - measure T and calculate

line speed.

10) Set SR to 0006 - program will halt.

11) Turn on high voltage.

Figure 6.22.1

1-45
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TEST: Line Speed. Date:

Mr.AtR'FMtNTS:

Vector length

T m____

Calculite line speed

Vector lenrth
x I0 - inches per scond

VT
Passed:

gI
L
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•::6.21.2 CHA.RACTER T1,ME

Verify that any defined symbol can be written in 100 us or less.

1) Erase displ3y.

S2) Set SR to 0010.

3) Press CO710\"INE - CHARI pattern will appear.

4) Verify that characters appear.

5) Erase display.

6) Turn high voltage o'ff.

7) Attach scope to N12-2 on digital backpanel (character generatep)j

8) Set SR to 00S0.

9) Press C5N'TINUE - program will not halt.

10) Scope trace should resemble Figure 6.22.2, measure T

11) Set SR to 0010 - program will halt.

12) Turn high voltage on.

lot

Figure 6.22.2

C'|,
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""hST: Character Time vate:

LyU I PqLNT:

Oscilloscope

ILASU,,, L. MLNT S:

Verify character write

T a us

Passed:

'I i



6.22.3 DATA RATL

Verify that the system is capable of accepting and displaying 4

[ new character every 100 mizroseconds or less.

1) Erase the display.

2 Set the SR to 0017.

3) Press CANTINUL - BLCUK4 pattern will appezr.

4) Verify characters are written.

5) Lrase the display.

6) Tuin high voltage off.

7), Connect oscilloscope to N12-2 on the digital backpaznel

(character generate).

IS) Set SR to 05 7 .

9. Press LONTINOL - program will not halt.

10) set sco;,e time base to alternate, delayed.

11) Set A sweep rate to'lO us/centimeterand to auto trigger.

'1) Set B sweep 'rate to I ms/centimeter and to ranual. trigger.

5-49

I _ _



13)* Set delay vernier to 00.
14) Adjust trigger levels, gains, and trace separation until the

scope trace resembles Figuro 6.22.3.

15) As~the delay vernier is moved, the intensified area and the

"expanded" trace will jump from one trigger point to the next.

Continue until the largest TR has been measured. This is T %ax.

16) Set the SR to 0017 - the program will halt.

17) Turn high voltage on.

f3:I dhr' #e•

I.

... .I '.. : ,, , ... tor s Tit • loot's

Figure 6.,,2.3

TEST: Vata Rate Date:

1,',1IP !TN%: Tectronix S47 oscilloscope or equivalent

.S:• ASU!IZP" .•TIS:

Verify character write

T a us

Passed:

* -50F •-O.
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TI
6.22.4 ERASE/•RITE CYCLE PATE

Verif that the erasur: Znd rewriting of a 100 character data block

Scan be accomplished with, a 100 millisecond time period.

1) Erase the display.

2) Set SR to 000S.

3) Press CONTINUJE - BLCK3 pattern will appear.

4) Press CONTINUJE - verify that erase and rewrite occurs - repeat

step 4 as 'required for Verification.

S) Erase display.

6) Turn high voltage off.

7) Connect oscilloscope to N12-2 on digital backpanel (character

generate).

8) Set SR to 0045.

9) Press CONTINUE - program will not halt.

10) Scope trace will resemble Figure 6.22.4 - measure TEW.

11) Set SR to 0005 - program will halt.

12) Turn' on high voltage.

rigure 6.22.4

[TEST: Erase/Write Time Date:

Eq••I..•'E: Oscilloscope

SFASUR•LENrTS:"

Ts Passed:

E



SI- 6.23 ERASE TIME AND CONTROL

This test satisfies Section 3.5.10.2 of IBM 7S-M35-002.

Determine by measurement that selective erasure of data is done at

such a rate that a square inch of data on the screen is erased in 10

milliseconds or less. Verify that the test pro-ram can selectively

crase and rewrite randomly placed data blocks in a :yclic fashion.

Test the ability of the display to be totally erased under manual control.

1) Erase, display.

2) Set Sk to 0001.

3) Press CUNTINUE - BLCKl pattern will appear.

4) Set SR to 0003.

S) Press CONTINUE - 9 data blocks will be erased.

6) Set SR to P007.

7) Press C3.TI.NUL - erased blocks will be rewritten.

3) Verify cyclic operation by repeating steps 4-7 as require'd.

9) Measure the size of one of the erased blocks.

10) Calculate the erased area.

11) Irase the display and verify erasure.

U) Turn high voltage off.

13) Connect an oscilloscope to N12-2 on the digital backpanel

(character gmnerate).

14) et SR to #043.

IS) ress CONTIMUE - program'will not halt.

16) cope trace should resemble Figure 6.23, measure TE.

17) et SR to 0003 -program will halt.

18) urn' high voltage on.

Cr 19) alculate eras. time fo- I sq in. block.

k "
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TEST: Erase Time and Control Date:

EQUIPMENT: Oscilloscope

MtfASUREMEN'TS:

I .Verify erase/write

Verify manual erase

Block size: x *

Block area x y

T as
E

Erase time, 1 sq in. T T Block area = TE -

t

Passed:

j Figure 6.23

I.
I
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APPENDIX r

IBM LETTER TO DR. CARLO BROGI.O, OSDI,
DATED MAY 30, 1977
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InJtn*aofn4M Bu5ij s MaChins, Co~pofoltn eQ*"o. Now York 1-38,7

607.:6a7 2121

May 30, 197'5

Office of Systems Eng6neering ,anagement
Federal Aviation Administration
800 Intepo.iidence Avenue
Washington, DC

Attn: Dr. Carlo J. Broglio

Syst es Analyst

Gent lemen:

IBM is pleased to respond to your request for estimates reg-irdirng the
ultimate production prices of consoles based en the lDeformographic
Storage Display Tube (DSIT) Technology. In the absence of a detailed
spec"ific definition of tyi console. to be priced, we have made engi-
nee".-' estimates based on the following assumptions:

I. The consoles would be functionally identical to the unit we
recently deiivered to NAFLC except that they would inter .ce'
with the CCC in the enroute centers rather than the laboratory
computer at NAFFC. The internal packaging and circuit technology
would be completel: redoiie to pro~ide maximus cost advantage for
a l.&rge volume production run.

2. The recurring and non-recurring costs are based on a lOl0-unit
buy with 10o units delivered during the 7econd year and 25 units
per month in the 25th through both months.

3. Labor, overhead xnd all-other rates, factors and elements of
cost are based solely en 1975 rates and quo-tations. Therefore,
these estimates ire in 197S Jollars and woijd have to be factored
unward to allow for cost cscalut~on resulting from inflation.
For schedile assessment purposes we assumed a so-ahead in the
first qua ter of 197b'

4. These estimates ssiuse that the CCC provides the display dati in
a format reasonably compatible with the DSDT; i.e., more or less
in accordance with the approach followed with the 4AFFC unit.
Within these groundrules, this console would be able to provide
the functions presently incorporated in the Flight Strip Printer,
the Flight Strip Posting Console, and the Computer Readout and
Utpdate Display. In addition, this console has the gralphics capa-
bility to provide a backup capability for the Plan View 1splay
(PT)) with the infotsAtlon being perlodleilly updated from the CCC

i.I •-1
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Office of Svs.tems
Fngineering ,Managcment -2- -a :0, 197S

rather than refreshed many times a second as with the PVIt. the
d~splay surface ran also he zoned off to present o9!,r types of
data simultaneously with flight strips. s,.C: as weather. rM)I0,%%S
and other tabular or graphical data.

S. An ,-mo.fied GFE cabiuet, was assuned. 1i•v, ver, there would
not be a maior cost impact if the cabinet were fiaricat, ed by I,' 4
rather than rndiifyvng a tfE structure.

6. The uniz would be designed and buil" to good commercial practice
with the :100 series otf specs as a #,ý-neral ;'u¢ide. r'ns mae type
of ai-Prach was very successfully used on the t C atid pro ,,des
significant cost aJvantages without any loss of reliability or
performince.

". This estimate does not include any of the foliowing items since
Phey arc not part of the hasit, :,n-ole cost and 6e did not h.ve
the necc%-ary information to ,13 an i.tcurate est.mite:

a) Shipping and installation
b) Tra I: n',
c) I'ziLntenance or warranty
d '-*.\ fi cat Ions or add i ! ior- I(f anv) t o the CCC har!.i.are :'r

so ft ware,

q The rn'n-recurring estiiate does iscltbde all the nor.%al n.m-recurring
dI est .. .. '%tart-up actiyities we thought w% ,uld le ;pplic.alle, .,uc1 ,
a t ,telt equimcnt, conversion of packaging aind technol0Qy,
M.IIt.1 ;!it)" and reliahiltI y N nalysis, qiality cn:ineerinr ,

.Inu.1a V11,1 other docimentation, Interface de t -n,< hto:I; fact irs,
anil~, I etc.

9. The rtc,jrriný price estimates are alto complete figures including,
In id-|? *on to dirict hardware co't ,, tetzni:, pr ý,,,ra .rn;i ean ent,

rnzhlTrirzg %upport to rant, acturing,. general and .,dmi)ni'tratIve
-;-en-se, And aIl! other clenerts that normally go into a unzt selling

,.pri e.

I0. Tw, con'irurattions have been estimated: a Lonsoi'e wi'*a a single
IsPDT andj'a' cunsole with two PTs , proiect Ing (n a single viewing
screen. In th,# dual-PSOT unit the CRT; light source; ieni systecm;
det lection, video and, erase circuits; and all aio•.ce power
supplae have been duppticated. .n all other respec's, the two
csnfigurations are identical, i.e., only ne Set o. electronics,
power supplies., etc., have been asnsumed fr,, . fu.tion- as
interface. dtpiay .erneratloh and overall unit control. 'In addl-
tion, there is very'little difference in the cabinet, mirrors and
view -.g -rern whether one PSOTh1 or two is assumed. Si.ncL, the
secqnd M'OJT projector is essentialy a duplicate of.the fi'rkt,
there is no significant difference in non-rocurring costs.

F-2
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On the basis of these assumptions, our engineering estimates are as
follows:

Single-head console: $28,000 each

Dual-head console: $41.000 each

Non-recurring expense: $4.b million

W. L. Grogan. Controller
Avionics Systems

WLG:at
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APPE•IDIX G

PROGRESS REPORT FAA-16-734, EVALUATION OF DSD,
ANA-200 TO ARD-100
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ANA-230

Progress report - PAA 16-234 (Activity 03)
Evaluation of the Deforuographics Storage D.isplay

Chief, Simulation and Analysis Division, ANA-200

ARD-100

The Deformographics Storage Display (DSD) fabricated by IBM, Owego, N.Y.,
was delivered to KAFEC in May 1975. Following Installation. site acceptance
testing and software integration, which was completed in July, the system
has been subjected to a series of engineering tests. The information
contained herein is (1) a summary (f the display performance data collected
to date. (2) a near-term expected performance improvement summary, and (3)
tentative conclusions relative to the deformographic display technique. This
information complements the data from the factory acceptance tests which we
provided to ARD-11O in April, and other data and perfornance characteristics
provided to ARD-1IO in the interim.

We are also preparing a follow-on data report which will include all of the
baseline data and other pertinent display O'aracteriatics measured or derived.

'By agreement with Mr. John Edgbert ARD-I1O this data report will contain an
analysis of the DSD performance as compared against the engineering requirement
for an en route electronic tabular display that is being formulated by Mr.
Edgbert. We understand that the purpose of this comparison is to determine
whether the DSD should be considered as a candidate in competition with other
displays which can or may meet the engineering requirement. We expect receipt
of the final virsion of Mr. Edgbert's document in the very near future.

Engineering Analysis Snmaries

Measured Performance

The following display characteristics wre measured under the sames conditions,
with no change in controls operating levels:

I. Brightness over the full 22- by 32-inch screen: minimum 24 foot-lmberts.
maximum 39 foot-lamberts.

2. Line width variations over' the 39-inch diameter screen: maximum 0.025
inches, ainiamum 0.023 inches.

3. Smallest useable character block on 22- by 32-inch display: 0.142 inches
high by 0.107 inches vide. Since a minimum of 20 percent is included in each
dimension for space, this results in a character of 0.125 by 0.07 inches.
This corresponds to 0.645 percent dimensionally vertically and 0.33 percent'
horizontally, regardltss of final display size.

C-1
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4. MinImum line-to-line spacing over the display: 0.033 inches for
parallel vectors.

5. Background brightneis, fluorescent room lighting conditions with 20 to
30 foot-candles ambient: less than 1 foot-lambert measured.

6- Contrast ratio (as above): worst case 25:1; best carse 39:1 under 20 to
30 foot-candles ambient.

7. Data registration rewrite accuracy: with erasure between rewrite 0.012

inches, without erasure-less than .001 inches.

8. Data linearity: 0.8 percent overall worst case at top of screen.

9. Ortical Magnification: 13X.

10. Flood erase time for 10,000 characters on screen: 200 milliseconds.

11. Sc:een gain: 1.8 to 1.

12. Writing rate: 500 inches/second, maximum character time 100 microxeconds.

13. Long-term stability (draft): less than 0.001 inch over a week including
on and off cycles.

14. Long-term character size and brightness: no measureable change in data
rewritten over a 1-week period.

15. Gray shades: six linear shades visible.

16. Selective erase accuracy repeatability: same as rewriting accuracy.
Safe separation distance between data for erasure: 0.15 inches on a 22- by
32-inch display.

17. Storage time: 12 minutes to 50 percent brightness, 30 minutes to 10
percent brightness.

18. Character closure, size positioning, and spacing: all nominal and
not critical.

19. Erase time for selective erase, after switching: s as one write

character time; maximm of 100 microseconds per character.

20. Optical distortion: insignificant (less than .1 percent).'

"2I. Dust, moke, and normal building vibrations do not measurably affect
performance.

N,.ar-Term Expected Performance

Based upon extrapolation of data resulting from our engineering tests, and
information provided by IBM relative to their on-going DSD improvement

G-2
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program, the following improvements in DSD performance are already achieved
or' are considered realizable for any additional units fabricated.

1. Typical nominal character size on a 20-inch-square display to be
equal in size to standard pica typewriter type (.094 inch high by .067 inch
wide).

2. Typical brightneab iamrovements a function of display size and
lamp wattage choice to result in more than 100 foot-lambert* on a 20-inch-
square screen.

3. Erase time to be less than 50 milliseconds for a full screen oi
date.

4. Selective erase separation zone: 0.1 inch maximum on 22- by 32-inch
display.

5. Data linearity: 0.2 percent.

6. Borderless, tiled, edge overlapped or butted displays with continuous
display addressable viewing surface.

7. Long-term storage of displayed data: 30 minutes to 50 percent
brightness.,

8. Very long-time storage of data vith retained high performance
(2-4 hours) with subliminal refresh.

9. Minimam of two colors for data.

Conclusions

Taking into consiJeration the above information, combined with our, daily
observations of the D6D operation and the maintenancQ procedures applied over
the pait 3 months, we have formulated the following set of preliminary
estimates of D6D capabilities and potential:

1. The electronic design is more than adequate for prolonged testing
and use in laboratory or field operation.

2. The performance demonstrated is clearly satisfactory for the intended
display of tabular data and graphics.

3. 11e 5-inch CRT, which ie'& critical subunit of the DSD, is presently
being produced at IBM and by other CRT subcontractors and appears to offer
no production problem.

4, The optical system is considered established, useable, and implement-
able, and variations of it to produce other size displays, ur to remote the.
image from the CRT and optics, are considered well vithin the capabilities of
modern optical design.

G-3
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5. The htability of the optics and CRT are grzater than that presently
accepted for operational use.

6. The lmp source is a long term, inexpensive unit well proven in
military applications...

7. The inherent design of the DSD appears 'to satisfactorily solve
existing problems of reflections, excessive contrast, glass tube safety,
parallax, heat generatlion, power consumption, maintainability, power failure
(fall safe) and others which presently are absorbing agency manpower and
dollars.

8. The options available for screen size, screen material, multiple
image overlap, microfilm projector incorporation, constant contrast over
widely varying ambients, and multiple function usage are unmatched by any
other display device.

W. H. KOCH

cc,

A.NA-230:CSpanier:&mb:x3194:Oct 21 75

ADI-20
A.RD- 110
ARD- 120
ARD-40O
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IBM CORPORATION. EXECUTIVE SUt0QRY OF A PROPOSAL
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.X!JTrIVE SW.Y OF A PROPOSAL
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EXEcLFT~V! SU.H4AtY

During 1975 the FAA completed one of the most silnificant advances

ever made in comand and control systms. NAS Stage A is an outst~tnding

eziaple of the proper applicAtion of advanced data processing and tisplay

technology against a highly complex requirent.. However, in tho, midst

of this impressive progress, one obvious anachronism remains: the

system still relies an maally-handled strips of paper produced by

electro-mechancal printers.

For more than a decade the FAA and 3IB have worked together to

develop creative, effective solutions to problems such as this. Over

the past year, IB3 has boeo working with SRDS and NAF!C on a display

technology that fully satisfies the requirments for electronic ditplay
of flight progress data mad other tabular information.

The technolog is called Deformographdc Storage Display (DSD).

This "Executive Sumay provides an overview of a recomended next step

in applying DSD to tbh PFA's flight strip/tabular data needs -- a step

which'would *allow the FAA to evaluate the mrms benefits for air

traffic control that are inheren in this powerful stew display tech-

nology. A detailed description of th proposed hardware. software and
integration cowe"ts has also bow propared. We would appreciate mn
opportunity to rvab•it thi, more detailed "white paper" for the FMA's

cons iderat ion.

THR D1L3

There are sone good reasons w•y printed flight progress strips and
manal posting comscleos me still being used. Whatever their limit&-

tises, peper st"r•ped prowide ma almost unlbltded capacity for displaying

,flight prooress inforationm in an urcrowded forest. The large viewing

S+ N-I
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surface of a maual posting console allows the strips to be spread out

for the user's convenience. And if failures occur anywhere in the

system., paper flight strips will continue to provide !natic flight data.

Nonetheless, maeual posting of flight progress strips has major

deficiencies -- so uch so that its replacmnc sems to hinge primarily

on finding a suitable electronic display alternative. But until recently

an acceptable alternative was not available. Most electronic displays

have only a fraction of the data capacity of a manual posting console.

Furthermore, on most displays any failure or loss of power can wipe out

the displayed information.

Therefore, until a better approach could be found, the choice was

between two equally undesirvble alternatives. One alter.ative is the

present manual approach. It imposes such handicaps as (1J the tine-

cousming process of hLndling physical stripr of paper, (2) the noise

and maintenaace associat&I with printers, (3) a lack of closed-loop

response and total system integration, plus (4) mierous duplications of

operator effort whom interacting with a partly-autcmated/partly-manual

display system.

The only other alternatives that were previously available were

CtTs or perhaps plam displays. Mowever, the uxi"m practical data

capacities of such displays are quite limite@. This tended to require

soae or all of the following expediencies in attempting to Meet the

operational requirmentsi (1) dividing the data over multiple display

uSrfac~s, (2) elimination of duplicate flight strip postings, (3) dropping

the less frequently used data from each strip, mad (4) compressin the

total display surface area by reducing ompty spaces within and betweem

While soaw i.provIemt in display efficiency is desirable, the net

effect of such as approach would be that the system becomes "display-

bound" -- the limitations of display capacity becue a significant

constraint on system ope rtion. Future fleoxbility and growth are
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also limited by the fact that the displays are already saturated.

Operators are forced to call up background information that used to be

available at a glance. Data is squeezed together. The ability to

provide the controllers with all the information they desire is compro-

wised by the lack of display capacity. And the nmber of display units

packed into eah sector position would continue to proliferate.

A BTT17 SOLETION

It was I4's privilege to have a major rnle on the FAA teem that

successfully imleometed NAS Stage A. We are equally pleased to be able

to offer an exciting yet practical solution to the ramaining need for an

electronic replacmetat for the manual posting consoles. ty teasing the

flexibility and capacity of the DW with the power of the NAS data

processing systm that is already in place, the FAA will be able to

achieve much more than just replacing paper flight, strips. The DSD will

allow the FAA to cantinue to expand the important overall thrust of the

XAS program: providing air traffic controllers with the most useful and

pertinent info.r tion available and displaying this data in the most

concise and readily-assimilated form possible.

Te NHAS Enroute System Test Facility in Building 149 at. NAFEC is a

unique and powertul facitlity for evaluating and optimizinig a totally-

electronic flight data display system. The DSD is uniquely capable of

providing the hardware basis for such an evaluation/optiaization task.

A merger of'these two capabilities wwld be a majot step toward a6hieving

an all-electroVic flight data systma.

Therefore, we have worked out a rather detailed and specific proposal

to define (1) the implementation of an advanced, large-capacity display

console based an the DSD ?chnology. and (2) the integration of this

console into the NAFEC facility. The proposed approra allows a very

thorough and realistic assesment of such a concept in the total ARTCC



I

environment. Careful thought has bee, given to the hardware, software

and integration aspects of such a ptogram. An aggressive, yet achievable,

program plan has been developed whereby this system can be in operation

within eight months of go-ahead.

The proposed hardware 'configuration builds on the proven perfor-

mance of the experimental prototype DSD console delivered to NAFEC in

May 197S. Those who have seen this unit in operation have consistently

been ijapresset with the maturity of the DSD technology and its unequaled

performance as x large-capacity tabular display.

The prvpcOSd approach for integrating DSD technology into the NAS

simulation facility at XiAFEC is very straightforward. The proposed

equipment .ould iuterface to the NAS system through a standard I/0

adapter on the Central Computer Complex (CM). No other interfaces or

hardware interconnections would be required. Obviously. IBM is thoroughly

familiar with the interface to the CCC. We are equally familiar with

the NAFEC NAS software and this approach requires only minimal modifi-

cations to the progra•S already in place.

HIMIHLfTS OF THE PROPOSED APPROAO~i

The basic concept being proposed by ITM is a DSD Evaluation Console

that would, as a minima, provide all of the functions of the "A" and

"1D" pair. of mntual posting consoles for one sector. The Evaluation Con-

j sole is configured as a modular, electronic display that' is physically

interchangeable with an existing A and D pair of manual posting consoles.

-A cmparison of overall dimensions and form-factor is given in Figure
ES-1.

A continuous rear-projection display surface 24 inches high by 72

inches long would replas,: the present manual flight strip posting area.
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The overall height, width and depth of the Evaluation Console would be

identical to an existing A and D console pair, and the existing Console

Map Boards can be mounted directly above the unit.

The DSO Evaluation Console will provide all of the functions of tho

Flight Strip Printer. the Computer Readout Display (CRD) and the manual

posting are•s. The existing alphanmeric keyboard quick action keys and

communications facilities will each be incorporated into the Evaluation

Console as umoodified GTE. The Console will provide the required logic

and I10 circuits to interface with the keyboard and quick action keys

and will consollc&ste their interface back to the CCC with its own.

This meams that the Evaluation Console will not have to interface

with the Non-Radar Keyboard Multiplexer, the Comon Logic Unit, nor any

other 1/0 equipment outside of the CCC. This is depicted in Figure

ES-2 which indicates that the consol6's sole interface would be with a

pair of General Purpose Input and Output Adapters in the CCC's Per-

ipheral Adapter Module (PAN). Cmmunication equipment and .interfaces

would not be amdified but would be installed intact into the front shelf

area of the Console. No modification of the Plan View Display position

nor the Coaiter Display Channel will be involved.

Within its 24 x 72 inch display surface, the Evaluation Console

will display up to 114 complete flight strips plus two Computer Readout/

Preview areas. [The CRD areas will have more than twice the capacity of

the present CRDs.j The format and character size of the 114 strips in

the initial display format baseline will be essentially identical to the

present paper strips. As shown in Figure ES-3,. the screem will be

divided into nine colums: seven columns with 14 strips each, plus two

additional columns each containing eight strips and a 7 x 10 inch 0WD

area.

The DSD Console would not, however, be limited to reproducing the

existing ilight strip and CRD formats. Starting from these familiar

formats as a baseline, the FAA can reprogram the display to evaluate any
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type of format it desires: improved flight strip formats, flow control
informaton, 'all other types of tabular data and graphical plots, selec-

tionm enus and other intenractive for at elements. Indeed,. the tremendous

capacity and flexibility of the DS will open, to now concepts in' display

utilization that previously have not been practical to consider.

"Thee are some important advantages in being able to start with

formats that are essentially identical to those used with the existing

paper strips. mannal consoles Od CRDS.

1. It does not arbitrarily impose nw, predetermined formats nor a

lower flight strip capacity on the FAA. Instead, it allows the FAA

to determine, in am evolutionary manner, what changes r id improve-

nenst it desires to make over the present formats.

2. It allows a familiar, non-threatening, initial starting point for

any controllers who are asked to evaluate the FSD Console.

3. It provides a valid meas for comparing the DSD Console vith the

existing maanl coamoles without complicating the comparison by

using two diffarent formats. Similarly, it provides a co point

of referemce and camparissn in evaluating potential format changes

and now functions.

4. It' inimizes the impact on existing S5 software.

The foregoing are ideal feaures for y evaluation console. In

esence they m that a DSD evaluation Console can emulate the formats

produceable on almost any other type of display -- ranging from the

present paper fliSht strips to electronic displays with a variety of

data capacities and scrass sizes. Ths., the installatiom of a DOD

Evaluation Console at MAFE will provide the FPA two imtant capabili-

ties: (1) it will allow the direct evaluation of a very important saw

display technology, ad (2) it will be as u=Willy powerful display

evaluation tool for use in a wide range of future concept develop 1t

* prngrs.

! U-9
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Intesratioc of the evaluation Console into the WFEC Enroute

complex will have a minimal impact on existing NAS software. A key

factor in simplifying the CCC software is the use of a microprocessor

internal to the Evaluation Console. This microprocessor effectively

mulates the CCC interface to a Flight Strip Printer and a Computer

easdout Device.

The NAS software modifications will be designed to allow the Evalu-

ation Console to operate in parallel with a conventional Akand D console

pair in the same sector. This will facilitate direct comparison of the

two approaches.

06D CHARACTERISTICS

The potential and the practicality of applying DSO technology

against this type of requirment has already been impressively demon-

strated by the original DSD experimental prototype at NAFEC (Figure

E5-4). This unit has provided six months of trouble-free operation

which have demnstrated the following major characteristics of a DSD

console:

1. Storage. No power is, required to retain an image. A flicker-free

display is provided without refresh.. Electrdnic bandwidths are

reduced by a factor 'of 10 while capacity is simultaneously increased

by a factor of S ir more over the fastest known refreshed displays.

'A single display generator can readily drive a mmber of 6O0

projectors.

2. Data Capacity. The DSD is a very high resolution display. The

experimental prototype has baen used to display as many a 56 full

flight strips on a single DSD tube using basically the sane format

as the current paper strips.
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3. Screen Size. The ability to display 56 full flight strips would be
of little value a• 14.,x 14 inch (20 inch diagonal) display. This

amount of data would reauire 1/16-inch-high characters and such'

tiny characters could not be road freet a reasonable viewing distance.

However, 56 flieht strips are quite readable from even a few feet

awar on the 22 x 32 inch screen of the experimental prototype.

Since the DSD is a projection display, it can accommodate almost

aziy conceivable character size and screen size.

4. I4aintainability/Raliabilty. The experimental prototype at NAFEC

has provided troute-free perfoTmance. If maitntenance is ever

required on a WD.projection unit, all removable or repairable

assemblies art mounted in the rear of the cabinet -- the front of

the unit will only contain two fixed mirrors and the viewing scrim.

Simple, direct access viii be available from the rear to al&

electronics, the light source, tube and all power supplies.

'Maintenance and operations functions need never interfere with one

another. In-a tower installation, the DSD tube and its-electronics

could be mounted below the floor of the operational area and be

accessod for maintenace from the floor below.

S. Conmmalty/IModularity. A single projection system design (tube,

optics, electronics) can be used for many screen sizes and a

variety of applications. DSD projection units can be arranged to

project contiguous images on a single, continuous screem, thus

providing a modular building block approach to control-room display

requiremeats.• In the case of the proposed Evaluation Console, a

"continuous array" of three 24 x 24 inch display, areas from three

DSD thube is used to provide a total display area of 24 x 72 inches.

This concept of a Continuous Array Display (CAD) was originated by

the FAA as a modular building block technique for achieving maxm
display coionality throughout 'the FA ;- for example, between Enroute

Centers, Towers and ARTS facilities. Since the proposed Evaluation

Console is physically configured to the dimensions of the Enroute Center

M-12
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manual posting consoles, this particular configuration, might appro-
priately be d"sitnted the "I-CAD" configuration for Enrouto C~ontinoous

!F.ray R isplay. This would different•iate thls configuration free such

alternative possibilities as towers (T-C.D)., AM facilities (A-CAD),

oceanic applications, flight service stations, etc. Each of these

applications cauld use the same basic tube and *lectronics but with the

differ•nt screw sizes and physical arrangements of the same basic

building blocks as appropriate for each situation.

SYSTI D4PLICATOI(S

Figure ES-2 depicts a proposed initial system configuration for

integrating a DSD Braluation Console into the HAS System Test Facility

at NOW. Clearly, it represeots a very straightforward and umcompli-

cated approach. It also provides a very poverful configuration for

full-scale evaluation of the use of an electronic tabular display.

However, iIN recognizes that the FAA is also interested in other

related system improvements such as flow contra. and backup modes of

operation for greater total system reliability. We would like to mph&-

size that the proposed systen does not preclude or complicate expansion

to a more sophisticated configuration in the future. To the contrary,

it is an ideal first stop toward such an obje•tive. A two-:tep approach --

display subsystem first, data processing subsystem second -- has a
nmber of imporaumt advantages:

1. It gives the FAA a significant headstart on the total problem

because the D0 evalustion Console can be on-line many months

xoones then ml.,4 otherwise be possible.

2. It 'acampliates the overall implemntation of the total system by

allowing the FAA to -start from the existing WAS concepts and hard-ý

vare/softwwre base. Ner•w, improved techniques can then be

-. ,



developed iz an orderly. veolutionary manner rather than taking a

high-risk, all-at-once plunge. Yet it in no Vay limits the 41tixate

capability of the system.

3. As a matter of fact, the 0SD Console will provide a much more

powerful system developamt and evaluation tool than any other

known display approach.

In summary, then. the DSD Evaluation Console is not a competitor

nor a threat to other, broader concepts regarding flight data handling.

It is conplesentary and supportive of such a goal. Additional data

processing capabil~ties can be added to the overall system at any time

with very little impact ou the proposed initial configuration. The

packaging and architecture of the Console are such as to allow the

addition or substitution of a different interface without affecting the

basic design or features of the unit.

C0MCU1SlIO

'I4 is gratified that as early as 1973 the FAA had the foresight to

press ahead with plans to specify and procure a 050 experimm-tal proto-

type console. This initial FAA venture with DSD proved to be highly

successful. As a result there is a rapidly growing awareness throughout

the FAA of the major imp ications of the DSD's unusual performance

characteristics in regae to air traffic control.

However, because F7 6 planning was cmpleted before the. results

were knows no provision has bees oade to fully exploit the No's potem-

tial in the neor future. Given the time required to evaluate and deploy

any mew concept into the HAS system, it would seem imperative that the

next step begin as soon as possible. And an operationally-roalistic

evaluation in baulding 149 at NAFEC sens like a most appropriate "next

step".
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IBM fully appreciates the fact that an unplanned progran such as

this poses significant probleas for the FA.A, particularly in a time of

budg• t stringencies. But we feel that it would be a disservice on our

part• to fail to coe ffoward with recommendations for moving ahead in

applying such z greatly needed technology against the FAM's requirements.

The proposed approach seons reasonable in scope and will provide meaning-

ful, uorthwhile results in the shortest possible time frame. It creates

a powerful display system base from which even more ambitious systems

concepts can be built. From the standpoint of both cost and effective-

ness, the soo3r47 this type of concept can be impleoented, the sooner the

FAA can begin to req the benefits.

Therefore, 194 stands ready to work _r.zh the FAA in any way we can

to surnomt the initial difficulties of Setting an unplunned program

undervay or. perhaps, to socdify existing plans to take into account this

neow oportumity for further upgrading the nation's overall air traffic

control capability. As a starting point we have prepared a detailed
"white paper" defining the specific hardware, software and integration

tasks required. We would appieciate the opportunity of discussing the

program described in this -white paper" with the FA at your earliest

cowenience.
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Demonstration of the IBM Deformojraphice
Storage Tubo Display

Director. ANA.1

ARD-1

In the course of test and evaluation of the proJection/light valvs
d81splay technique as .xenpWpUl&d by the IBM Deformograplhic
Sterago Tube Display (DSTD). the Data Entry and Display Txch-
mlogy grour p hi formulated sever-al Judgnents relative to this
dlspliy technique: (1) Its performance Is better than antic pated
and represents a real brealthreoxh in display dsvelopments. and
(Z) two major 6 isptay concepts or principles are now made possible.
which It vxlidtted sad accepted by the operating senvices could bhve
signifmcant impact on the asgecyes display plansins. These principles.
a .toa with the inevltable acronyms are:

1. Nonrszterfaring Malnte-n•sce, Remoted Optlcal Display (NIMROD)

It appeas feasible to peckage the XDST electronics, optics sad
C.RT (display teocratiom aeeWy) in a form that allowo the reraoting
of this assembly from the display viewing screen. This •,Ill permit
on-Con, mainltemance tolmlly IsoLated from the operational area of the
facUlty. The advantage of this capaLility from the aspect of maint.-
sance staff•ng and reduced imnpact on the ATC opeortloa Is ovident

* Z. Continuous r'rr.y Display( CAD)

If the above ,emated asemobly to combined witb other dLsplay'
generation aseerublies. mounted elds-by-asd*. a continmous viewing
acroms of uaL-lý-dted borisomtil dimensiou Is attain-ble. Such a viewing
*cres•, free of besels or CRT moiating hardware*, can provide a
capability for displaying any typeo'of dfta. In any foann or format, at
any location o0 the vlewinq surface, through software control,
Alternately stated, this C, D capabilLtyw ouid pr'vide, a display baso
that could accommodate any future concept which generates inaormatiom
for the controller. Tho will elisainate the seed to% implemnowing
discrete displays for each discrete data generating functiou.

9.
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S•Both principles-can be applied in those ATC evrnet hc

r employ At- display; ARTCC, TRACON. Towtr Cab or Flight
Service Station. This capability, coupled with the very promisingfL• performance of the first article DSTD. indicates that projection
type displays o•fer definite promise in the tschnology goal of
developing a universal ATC display.

The question now arises as to whether the concepts of NIMROD and
CAD Justlfies or warrants further expenditure of funds to explore
their potential. In order to configure a suitable vehicie for further
experime&Ution, on additional "head" (CRT, optics, and electronics)
and repackaging of our present DSTD to necessary. This. along with
specialized engineering services from IBM. will cost approxtmately
$175K. To determine whether this amount of money sholdd be allocsted.
we would suggest that the operating services be queried &a to their
Interest in further development work. We further suggest that the most
practical vehicle for ascertaining the extent of their interest and support
in this area is a demonstration of the DSTD. and of the various concepts and
principles outlined in this letter. The ATC configurations to be emphasized
would be the enroute and tower cab and we would employ mockup and
dynamic display techniques to convey our message.

If you are amenable to the idea. we would recommend a demonstration
date during the week of November 3. 1975. Planning officers from the
Wostern Region and the San Diego terminal facility will be at NAFEC
during this period to view work being done relative to future tower
cab experimentations. This group can be complemented with other
representatives of SRDS and the opprating services as you designate. U
yO s concur with our recommendation, we will proceed with necessary
coordination and arrangemsnats. Our contact wil be Mz. E•hward U., Alxner,
A.NA430. e~dension 3393.

ROBERT L. TAMTH

g cc:
ARD- 104
ARD-llO,

ANA-230O:EAlznerarmh =x3393:9/ 7/75 5
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q As yiu knowa, F.ulA. 6410.1 dated 11•4/66 resulted in sIIIT I TV type displays for use

Z &o'to.tC cabs !or local€ control purposes. Subsequently, Form 9550, AT-lcJ3-:
- dated 5/23/63 r•i•esta4 R&D action to idapt the L-I1Z. display concept for apro•Ch

i control use. The culrzu~tLLon of Chisa effort led to the aCency policy of T'.,CA.

initalLazions, at all neol-, qua•iLfied radar locations startL; %?ith the TY 1969 FVX

SAS1 astAblihz.,e program.IExceptions to thLa policy have only been Crar.ed where individually 4-stified. T?1,AC'.

requiremants hsve been ssatsflted by installatizo of MM 11 and M•V"1. tV diz-la."s

to-,r: cabs. To tha beast of our knowledge. no follow-o" state-of-the-art effort hýn

Sbeen unlrtCaknn to providt iop-oved type of displayi-'To.-rthis tyCp use. ncnued
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Investigation of'Lproved display technologies a•kd equipmnt for application to tower
cab displays it being pursued and will continue under subprogram 144-170. Terminal
TorWS Sustaining Engineering. OAwn these efforts result in the verification
of a potential improvem nt to the st*em we will set up a demoastration for

Ail Traff1c6 Service representat•ves. More definitive information on cost and
;.schedule Will be determined as the experimental effort progresses. Wes estimate
Ithat this additional information vwil be available by December 1, 1974.
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AN-1O0 COM'F,':TS "F 9550-1, AT-lnn-29, 7/15/74,
"FEASIB I L i AT 1 (IOV AI;,.R
DISPLAYS WI: ,!i.*:.1[.AL KA•jAR APPi:U-ACII CO:.,uL

COfLS (iKALAý

We have discussed this subject briefly with AAT-100 and believe the
following niy serve to amplify the information contained in tCe 9550-L.

Zasically, the request was prom~pted by two factors:

o Sore dissatisfaction with the quality of the BRITE
display presentation for ptrformin, radar approach
control functiots in the tower cab has been expressed
by the field.

o Durin; a visit to NAYEC by AAT-1O0 and subsequent
discussions with N.kFEC and ARD personnel, it was
sug&ested that advznces in display technolory, such
as the Dtfar-ograoniz Display Syste., may offer a
potential .•eans of realizin; an i-proved displzy
for this application.

ad •d.ition to the requir,-.,cnt to perforz, satisfactorily in the
csin zznri*.~--=.' * -tz

o:h2r aspects :.in.anenta! ,•o tfle application of interest arE as
fo i lows:

o The data to 6e displtyed inrluci- .. plan view
presentat.cn of rada:, beacon and nap data derived
trot broa;...nd :" -pda r.o.,ts.

o Since h-• T.;.CA3 lcations are prc r-r•.-ed fir ;.A,7z :;
Qr A%' I ' ý . ( - , i t sa oi r.z css arv h :hz'
display :)stem be capable of sirultaneousl prL'cnt`.•;,
the .da'ta , .''. • .l'.•-c : d t4 s t d by :hci, . .-t-rr.

. --
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"l'art 1 contLjed

We u=darstand that ,the state-of-the-art has advanced to the point that. dLspl&79 can
bi produced which vill not be adversely affected by Ambient light levels, direct
ounllht, fade out or glare, and extraneous surface reflections, all of ýhIch are
prevalent to varying de-,.es in TILAVD envir-onmencs. These improved dLaplays must
ba of a high resolution/hLqh contrast to be easily and readily viewed uuz4r high
and low ambient 1U3ht condLitons being encountered.

The fesuibilicy denonstration should be of sufficient magnitude to allow a
follow-on'retrofit pro;r.m for T!LC.^Bs if uhe R&D effort is successful.

* *
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